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PEEFACE TO VOLUME II 

The chemical sections of this yolume, in addition to typical conven- 
tional analyses, lecord epoch-mahing discoveries, largely recent, on the 
occurrence and constitution of lesser-lmown constituents such as or- 
ganic acids, pectins, natural flavors, colors (notably chlorophyl, caro- 
tenoids, lyochromes, and anthocyanins), the chemical substances classed 
as yitamins, and minor mineral constituents. Complete unanimity of 
conclusions on certain points can hardly be expected; nevertheless, the 
matter available, on the whole, fills with remarkable completeness the 
gaps in the literature. 

Although vitamins, as unidentified substances classified alphabeti- 
cally according to their physiological action, are beyond the province 
of this work, as chemical individuals they call for the same treatment 
as the long-kuown constituents. 

Tlie sections with illustrations on microscopic structure represent 
the authors’ original work, in large part here recorded for the first time. 

A. L. W. 

Wilton, Conn., K. B. W. 

July Ist, 1935. 
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OF FOODS 


INTRODUCTION TO VOLUME II 

The following pages are designed to cover the salient chemical 
features common to the two parts of this volume, Vegetables and 
Fruits, supplementing the brief statements made in the Introduction 
to Volume I. In a few introductory paragraphs of Parts I and II 
certain features peculiar to each part are briefly stated. 

Proteins. — Dried ripe leguminous seeds, even those of the starchy 
type, are rich in proteins, notably the globulins. All succulent vege- 
tables, when fresh, are low in nitrogenous coristitueni^s by reason of 
dilution. On the dry basis they differ according to the group, leaf 
vegetables being high in nitrogen, root and tuber vegetables low. The 
pulp of fruits free from seeds is even more deficient in nitrogen than 
ve'gotables. ^Ihe high content of amide an<l amino-acid nitrogen in both 
vegetables and fruit s reduces markedly their ccjnient of pure protein. 

Amino acids, esp(‘cially the dextro and levo forms of asparagrne 
and glutamine or glutamic (glutaminic) acid, (XK)II • CK 2 -DEIl)- 
(dI(NEl 2 ) -C DOH, oeciir in sprouting seeds and green shoot, s. Betaine 
is pr(‘seiit, in EhmU, juice (which see) and b(Hd, molasses. 

Aspantginc fjr a-amiii(jsuccinainic acid, (JUNH 2 '(d-l 2 -I/lI(Nir 2 )' 
(X)()f 1-|- IliiO, tlKounideof aspartic (asparaginic or amitiosiiccinic) juud, 
(_^()OEI - ( dlvj- (dlfMlD) ■( X )( )If, occurs in many leaf and stem v(‘gcd.a- 
hles, unripe higuniiiious sec'ds, and certain fleshy roots. It is n'ganh'd 
as oric' of tlui principal intermediate product.s het, w(^<'n in()rg;ttii(^ nit,n)- 
genous compounds, such as nitrates and iiituihis, and v(‘g('i al)l(! i)r()l(!iiis 
l)ut lacks th(i nutritives valiui of tJie latter. 

f-Aspamgine, t.hc^ coitmion form, is levorot sitory in an {Kfueous 
alkaline solut ion and dextrorotaiory in an acid solution. It, forms rhoin- 
Idc crystals melting at, 225 to (k, readily soluble in hot, wai(n’, k3ss 
so ill cold water, and insoluble in alcohol and et,h<ir. It is t,!LSt(dess, 
wheix'as ('/-asparagine has a sweetish taste. Theuv is also iui inactive 
form. 
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INTEODUCTION 


Fat, as a noticeable constituent, is limited largely to oily seeds, its 
presence in the fruit flesh of the avocado being an exception. The 
ether extract of many vegetables and some fruits is largely chlorophyl 
Volatile oils occurring in small amount are usually recognized by their 
odor. Special studies have been made of the surface W(u of certain 
fruits and vegetables. 

Acids. — Divergent ideiis on the nature of the acids in fruits were for- 
merly current; however, during recent years, methods have teen i>er- 
fected that have led to quite definite conclusions as to the principal acids 
of the common fruits, although in varieties of some species there appears 
to be some difference in the acids present. The proportion and to some 
extent the nature of the acids change during growth and ripening, 
but the general rule that acidity of fruits diminishes during ripening 
appears to be well established, which, together with the increase in 
sugars, explains in part the improvement in flavor. 

The following statements as to the principal acids are tentative: 

Malic, COOH •CHz-CHOH-COOH, usually levorotatory form: apple, quince, Eu- 
ropean plum, cherry, barberry. 

Citric, COOH-CH 2 -C(OH)(COOH)-CH 2 -COOU: jKmegrmiiW, fig. 

Tartaric, COOH* CHOH -CHOH -COOH, usually clextroratEtory form: laniariiid. 
Citric and Malic: citrous fruits, pineapple, pwir, peach, apri<'()t, Htriiwlx'rrv, nispi jerry, 

blackberry, loganberry, red currant, goowdjerry. 

Citric, Malic, and Benjjoic, Csib* COOH; cranberry, blueberry. 

Malic and Tarbiric: grape. 

Oxalic, COOH •COOH; bilimbi, caranibola. 

There may also l)e present in small amount succinic acid, C’OOH- 
C.H 2 ’ (Tlr f h)H, and acetic acid, Minute amounts of 

salicylic acid, ( "oH 4 (t)n)('t)OH, have been found in grapes, strawberries, 
and other fruits, hence the detection of traces of this acid .should not i>e 
inierpretiid as indicating its additirni as a preservat ive. 

Oxalic acid occurs as calcium oxalate in many fruits. Jt is inosi 
abundant, as shown t)y Ni(‘thamm(‘r,' during thi^ (*arli(‘r stages of growl h 
but in the rii)e fr('sh fruit, according to Arheiiz,“ .s(‘ldoni (‘xceeds O.Oii per 
cent,. Goudswaanl has (h‘t emiiined the soliibh* oxalate content in 
50 vegettibl(‘s. Oxalic ticid is hdievcai to exi.st fn'c to some extent in 
rhubarb, bilimbi, caram})ola, and some ot I kt sour fruits ami leaf veg«‘- 
tal)k‘s, but the evidence is incfjnclusive. 

Nuccorini ^ sttites t hat tlie kind of ticid pre.stuit in(lueric<‘s the rat{‘ of 
rijxmiiig. When the chief acid is malic th(‘ ripiming proceiMl.s more 

^ Z. Uriters. Lebens. 1031, 61, 103. 

^ Mitt. I/eijcii.Hm. Hyg. 1917, 8, 98. 

^’Phann. Weekbl. I9:M, 71, 114. 

^ Holl. iai. sup<‘r. agr. Pisa 1920, 6, 453. 
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rapidly than when it is citric or tartaric. In view of the close relation 
of the aliphatic acids commonly present in fruit it is not surprising that 
two or more acids occur in varying amount in the same fruit and that 
varieties of the same species may not agree fully as to the acid present. 

Carbohydrates. — Much study has been devoted to the starch of 
leguminous seeds, tubers, and other subterranean organs, the sucrose 
of the sugar beet, the inulin of composite roots, and the total reducing 
sugars of various fruits; little, however, is known of the carbohydrates 
that form a large part of the nitrogen-free extract and fiber of many 
fruits and vegetables. 

Pectins, — The gelatinizing constituent of fruits and the mother 
substance in various cellular tissues, such as sugar-beet pomace, apple 
pomace, and citrus albedo, from which commercial jellying prepara- 
tions are made, have been studied for over a century. 

Braconnot ^ gave the name pectin to the acid substance extracted by 
heating with dilute alkali the marc of starchy roots (previously freed 
from sugar by washing with water and from starch by boiling with dilute 
acid) and precipitated with hydrochloric acid. Chodnew ^ and Er6my ^ 
adopted the name pectic addj reserving the name pectin for the substance 
which the alkali converts into a salt of pectic acid. Eerzfeld ^ disclosed 
the presence of araban and galactan in the complex, later authors that 
of galacturonie acid. 

Schryver and Haynes,^ by extracting the marc of apples, strawber- 
ries, rhubarb, and turnips with warm 0.5 per cent ammonium oxalate 
and precipitating with alcohol, obtained an acid substance, pectinogen 
(pectin of other authors). Pectinogen in solution was converted by 
alkalies at room temperature into pectin (pectic acid of other authors), 
CJi 7 H 24 :Oi 6 , which was precipitated by concentrated hydrochloric acid. 
Clayson, Norris, and Schryver ^ confirmed the discovery of Von Fcllen- 
berg ^ that an alkaline solution eliminates the methyl group from the 
insoluble pectic substance of the cell walls and extracts the pectin 
(^' cytopectie acid’'), also small amounts of homicellulosc cyto- 
pentans ”), after which the pectin may be extracted by ammonium 
oxalate. Norris and Schryver ® consider that pectin consists of 1 galac- 
tose, 1 arabinose, and 4 galacturonie acid groups and that pectinogen 

^ Ann. chim. phys. 1 825, [2], 28, 173. 

» Ann. 1844, 61, 355. 

* S. pharm. chim. 1840, [21, 26, 368; 1847, [3], 12, 13. 

* Z. Ver. Zucker-Ind. 1891, 41, 295, 667. 

Biochein. J. 1916, 10, 539. 

Ibid. 1921, 16, 6, 663. 

’’ Biodiem. Z. 1918, 86, 45, 118. 

» Biocliem. J. 1925, 10, 676. 
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has in addition a methyl group and is in combination with calcium and 
other bases. In the pectin (pectinogen) of orange albedo lOhrlich and 
KoBmahly,in addition to 1 galactose and 1 arabinose,fouiid 4 gakioiiironic 
acid, 2 acetyl, and 2 methyl groups, and Myers and Baker found H gal- 
acturonic acid, 2 acetyl, and 7 methyl groups. 

Ehrlich and Kosmahly assign to orange pectin the formula (hil looD.io 
and Myers and Baker CyoHijsO^s, the groups Ixung as given alK)V(‘ fsee 
Orange). Sugar beet pectin, according <.o Mhrlicli and Sornnierfeld, lias 
the formula C43H620;{7, differing from that of orange pectin in having 
acetyl groups. 

Pedic Mnzynef ^. — Bertrand and Mall<! 5 vr<‘ ' hIiowcmI fJiiif. |>f»ctasc con- 
verts pectin in alkaline solution into pectic add. Bourquelkd, and 
H^rissey^ discovered in rnali pednta.se, that. <}isHolv(»s p<T.tin, an<l pec- 
tase, that coagulates it, prohaldy as [K‘dicaeid. Ehrlich liydroly^ed 
pectin by pectolase, occurring in tn.ku-diaslase, the niyeelium of l^enh 
cillium glaucum, molds of the Permporifirm^ and th(^ snail Ilelii jmmiim. 
The first insoluble product of the hydrolysis is stated to l>e pechdic acid 
(C24H3402r)) which is the real pf‘ciin nucleus, containing 4 galacturonic 
acid equivalents, tliat passes, by breaking thc^ ring, first into pt'ctolae- 
tonic acid (C2iTI;{2E24) and finally into 4 iiiokauiIeHof r/-galaeturonic acid 
(ChflioOv). 

IlisiolcHfy . — ( )f particular interest is the work of Mangiri,'^ who defi- 
nitely located the s(‘at of pectin as Ixang in th(^ middle lanadla of tin* 
cell wall and showed that, various dyes differentiatf‘ it from ceiliiloj^f* 
and lignin, the color formc‘d by safraniii being yellow-orange. 

Tiio work of ( 'arr 6 is reviewed under Apple (Micnxscopie Structun* 
ari<l Changes in Composition During Storage]. 

Tannins. Aside from aeids, sugar, and odonais constituents such 
as esters of organic acids, the flavor of the appk', pfunr, (|uince, and eiu- 
tain f)ther fruits is due in considerable part to tannin and other ast on- 
gents. Appk‘s containing a reasonable amount, of asti'ingenfs arc well 
suit.ed for cid(‘r. 

Phosphorus-Organic Compounds, tinly in the easi' of k'giijiiinous 
scfais have th(‘S(‘ siibst an(‘(‘s re(*(dv'e<l (U)nsid(*rabl(‘ attention. 

Colors.- Both Vf‘getables and fruits eontain cohu’s of at. l(*ast fivf* 
groui)H: fl j Morophifh, ( 2 ) (viroiinoids, Jhivanrs and Jfarinni!.', 
( 4 ) hjorhmmcH or/lavitn, and (f>) afiiJiorjiani/is, 

1 Oonipl. mi(L 1K94, 119, lOlli; IHOr>, 120, llfl; 1X05, 121, 72l\. 

2 L piinrin. chiiii. IXOK, [fij, 7, 473; 1398, (<’,!, 8, 1-15; IWH), [Ui, 9, ‘isl. 

UV11ii]().s(m4i(‘i/i. 19.80, 11, 140, 101 ; liiofh<>iji. Z. lO.TJ, 260, .5‘jr>, 

'(t)rn[)t. rnul 1XS8, 107, 144; IKSii, 109, 579; 1K90, 110, 29.5; 1S0:{, 116, 05:1; 
J. Hot. 1891 , 6, 400; m2, 6, 12, 20G, 235, 1893, 7, 87, 121, 325. 



CHLOROPHYLS 


5 


Chlorophyls are present in all green parts of vegetables grown in the 
sunlight, associated with the carotenoids. All fresh leaves, according to 
Willstatter and Stoll, ^ contain about as follows: chlorophyl a 0.200, 
chlorophyl b 0.075, carotenes 0.017, and xanthophyls 0.033 per cent. 

The function in photosynthesis of the green coloring matter of leaves 
attracted the attention of early physiological botanists. When it was 
discovered that the carbon of plants is derived in the sunlight from the 
carbon dioxide of the air with the liberation of oxygen, that the exchange 
of gases takes place through the stomata, and that chlorophyl grains are 
always present in the tissues beneath the stomata, it was a natural 
assumption that chlorophyl in some manner takes part in the reaction. 
Years of research have as yet failed to determine whether chlorophyl is 
essential in photosynthesis or is an inactive bystander. Certain it is 
that neither does chlorophyl appear nor does photosynthesis take place 
except in the sunlight, and that lower and higher vegetable forms with- 
out chlorophyl, even when growing in the sunlight, are incapable of 
utilizing atmospheric carbon dioxide. 

Illustrative of the lack of uniformity in theories as to the role played 
by chlorophyl are papers by two investigators. One, Maz6,2 states 
that he was unable to find evidence that chlorophyl takes any direct 
part in the chemical changes during photosynthesis; the other, Ewart, ^ 
believes that chlorophyl is active in the chemical reaction, chlorophyl 
and related substances, also carotenoids, being transition products, 
and carbohydrates, formaldehyde, and oxygen end products. 

The chlorophyl grain appears to be made up of stroma or a sponge- 
like mass, consisting of protein matter, in the interstices of which are 
deposited the chlorophyls and carotenoids, also carbohydrates and 
probably other sxibstanccs. 

Physiological botanists in early experiments found that plants did 
not develop a green color if grown in a nutrient solution containing no 
iron. Verdeil, who first brought out a relationship of chlorophyl to the 
hemin of blood, assumed that iron is an integral part of the chlorophyl 
molecule, a theory that long was hold by scientists and still is a popular 
fallacy. The investigations of Hoppc-Seyler in 1879, which led to the 
erroneous hypothesis that chlorophyl is a lecithin, did, nevertheless, 
estaldish a definite structural relationship with hemin. Stokes from 

^ Investigations on Chlorophyl, translated by Schertz and Merz, Lancaster, 1927, 
from the German edition, Berlin, 1913; includes plates showing absorption spectra 
and crystals of chlorophyls and carotenoids. 

* Compt. rend. 191-5, 160, 739. 

3 Proc. Roy. Soc. Victoria 1918, 30, 178. 

^ Compt. rend. 1851, 33, 589. 

Pioc. Roy. Soc. 1864, 13, 144; J. Cheio. Soc. 1864, 17, 304. 



6 


II^TRODUOTION 


optical data concluded that chlorophyl consists of two substances; and 
Borodin/ in alcohol mounts of sections of fferacleurn leaf, seen rod f beau- 
tiful triangular crystals, but their work was ignored until WilLstiitter 
showed its fundamental value. 

The work of Tschirch/ Marehlewski,*^ and Hartley* established i hat 
iron is not a constituent of the molecule and that pyrrole derivat ives are 
split off on decomposition, but they did not HUgg(‘Ht the configuration 
of the molecule or even the presence of magneHiuiii. 

Investigations conducted in WilLstatter’s laboratory show: 

First. Chlorophyl is not a single substance but consists of chlorophyl 
a and chlorophyl h to which he assigned the formulas C55H72O.SN4 Mg 
and C55H7o06lN'4Mg respectively. 

Second. Both forms are esters, consisting of the alcohol phylol, 
C20H40O, in combination wit<h a nitrogenom complex containing four 
pyrrole nuclei — the pentagons in the formula of (lonant et al. givf*ni 
below — and one atom of magncuum with two whole and two “ partial 
valences. 

Third. By alkaline hydrolysis, cMorophyllim^ us wc;!! as f)hylol, 
are split off, and those by treatment with concent rat <‘d alcoholic alk.ali 
break up into phyllim^ each containing one atom of rnagnc.'siuin to four 
of nitrogen. Phyllins with acid break up ink) i>oIy- and mono-basic 
carboxylic acids, known as porphyrinH^ whicdi are inagiic‘.>^iuiii-fn!e. 

Fourth. By treat UKuit with acid, chlorophyl (i yields phyiorhbfriu 
e, and chlorophyl b yifdds phijtorhtdin (/, in both cases in addition to 
phytol. 

Fisdair, Mohhmhaiier, and Siis’’ i)ro|K)und<!d their th(‘ories on tin* 
const itut ion of chlorophyl a which later \verf‘ modified i)y i^'ischer and 
Bielxd.^^ 

Fxp(‘rime.nts by ( 'onaiit, Ifydc, .Moyer, and Dietz^ hrougfit out that 
chlorophyl a cfbutaiiis the grouping ■■ ('HOfl ( '( ) () . Furl her 

(‘xperiincmts hy dontinl , DicM^:, Hailey, and Kamerling^ I(‘d t(b detailed 
structural formulas for ehloriii fund chlorcbphyl a. d’liey also siiggestf‘d 
li lactam formula, dontjnt an<l Dietz'* jidopt<‘d th(^ formuhi givam below 

> Ikji. Ztg. 1882,40, 008. 

2 Unf.erHiifihurip; iiher dfiH Chlorophyll, IH.S1; IJor. dfiiit. Ixif.. (k«. IH87, 5, I2H. 

d(!S Chlor()|)hyll», lEamlburK, 1895 ; Oh(!rnie <lf;r (Jhlonjphyllf;, lintun- 
8 chwcig, 1900. 

Chem. SoG. 1891, 59, 109; 1904,86, m)7. 

® Ann. 1931, 486, 107. 

« Ibid. 1932, 499, 84. 

M. Am. Chem. Soc. 1931, 63, 359. 

«Thi(I. 1931, 53, 2382. 

« Ibid. 1933, 66, 839. 
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as best representing etlorophyl oi, the predominant form of chlorophyl a. 

CHaC C— 0=0 

— CH'CHOH-COO-CHs 

/ ::=c-ch2-ch2Cooc2oH39 

^ I 

\0=CCH3 

CH c^"\o=CH 

I I 

C2 HsC===CCH3 

Chlorophyl aj (Conant and Dietz) 



The above corresponds with the empirical formula » 

Phytyl, C20H30, is the anhydride of the alcohol phytol, C2oH3<)OH, 
which Willstatter and Stoll represent by the following structural for- 
mula: CH:}(OHCH;07-CCE3 : CCH;} -CHsOH. 

Conant and Dietz ^ state that there are probably two forms of 
chlorophyl h corresponding to the two forms of chlorophyl a, A for- 
mula suggested by Conant, Dietz, and Werner ^ has one of the CH 
groups, connecting adjoining pyrrole groups, replaced by CO. 

The formulas of Stoll and Wiedemann ^ (with pyrrole rings 
(uxprossocl as roc(-anglcs) given on the next page and the formula of 
hischcr and Ilascuikamp ^ which follows show other ideas of the group- 
ing. li in all three formulas represents phytyl. 


CH:,C C=-CJHOII;{ 


CH3C CC2H5 


no 





-=CIi — 

-C^/( 


■: - Mg 


N 


N 

■/%0 

Ci= 



CH2CH2CO2II 


CH 


(:Hg(;===0 CH.3O2CHCCV yC 


Y 

0 


/ 

C(;ii3 


Chlorophyl a (Fisher and Ilascnkainp) 


^ Loc. cit. 

2 J. Am. Chem. Soo. 1031, S3, 4436. 


3Helv. Chini. AoU 1932, 16, 1128. 
4 Ann. 1934, 513, 107; 
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OO-K 00-0 II:, 
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((Tl-)- OO OH-OH 

I I I 

oino- c; 0-0 0-0 OCH:, 

0 N 7 X.. . 0 

II I 

OH Mr on 

1 / 

O - - X' N O 

II I i ‘ 

OH:,0 O 0 OH O (• OOJlr, 

i i 

O-Ilr, OH;, 

(■h!itri»|ihyl h 
(.■'toll Jllul 


In most points th(‘ fonniilas of f h<‘ (liffi^n-nt authors agrcf, uUhoujiih 
this is <)hscun‘<l l)y (ii.ssiinilar arniiig(‘iiH*ni. 

fz;(‘n(‘r;il n^lat innship (‘hit traphyl and licnn >^lnlnn li.'i> 

loTifj; Ix'fni knnwiL Kccinitly Kiscdicr and h;iv<‘ pn*p;irfii for ilio 

first, limr 1 ho saino porpliyrin (iiHxsoporphyriii) from hotli chlorophyl 
and fioinin. Hnsiilts on spfM’ifir rotation at 2o (’. tiy Sloll and W’iodo- 
niann“ follow: chlorophyl a (-f lll^t )) in a(‘(‘toiio 2(Vi' ; chloroidjv! h 
in 90 : 10 mot hyl alcohol and ac^rtono 2f)7 h 

Carotenoids. This ^i;roup in(dudf‘s hydrocarbon and oxygonaifd 
pigments. 

Carotojtc, ( iHiHr.fn— This orangc-red piginfml, er ratlirr mixed pig- 

. 1 Arm. HBl, 486, 178. 

* * Ilelv. Chim. Acta 1935, 16, 307. 
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ment, was discovered, according to Brissemoret, by 
in 1815 . The recent discovery that vitamin A. ( 
related makes it of special significance in nutrition. The empirical 
formula ('26H38 of Arnaiid has given place to C40H56 of Wills tatter and 
Mieg,^ who isolated the pigment from the stinging nettle and other 
plants and showed that it is identical with erythrophyl, chrysophyl, 
ctiolene, and xantho-carotene. Willstatter and Stoll^ give 0.017 per 
cent as the average amount in leaves, and Schertz^ reports 0.015 per 
cent as present in carrots. 

llesiilts of studies by Zechmeister, Von Cholnoky, and Vrab^ly, ^ 
and by Zechmeister and Von Cholnoky,® confirmed by Pummerer and 
Rebmann,^ suggest that the molecule is essentially aliphatic in structure, 
but tlic extensive work in Karrer’s laboratory proves that a ring is 
presen t at each end of a chain. The increase in melting point on recrys- 
tallization f)f preparations of carotene, noted by Karrer, Helfenstein, 
Wehrli, Pieper, and Morf,^ led to the isolation of two isomers, a- and jS- 
carotniio. Kuhn and Brockmann^ from carotene as commonly pre- 
p)ared .sepa ratf'd 0.1 per cent of y-caro tone with characteristic absorption 
hands and affinity for ahirninum oxide. Winterstein^^ isolated a fourth 
form, 5 -carol{uie, constituting 10 per cent of the total pigment present 
in th(‘ fruit pend of (Umoearyum 'pyriforme^ 50 per cent being 7-carotene. 

Following ar(^ recently proposed formulas for a -carotene (Karrer, 
Morf, and Walk(‘r),*' jS-cairot-cno (Karrer, Helfenstein, Wehrli, Pieper, 
ami Alorf) and vitamin A (Karrer, Morf, and Bchopp):’'^ 

CM, cm, cPL'j CH3 

IM1l:f1!<h(d!(dl:(:iIC:(dIOII:H(lIIC:CIIO:HOHC:CHC:HCE' 

('ll:; CHj 

I I 

CHC 'll : ('IK'. :(Ml(lll iCIIC : (JHCIl). 

'urotdiu! 

Cll.-i ('ll.) 

HC.'H : ('H('; :('.ll(’.H : (.'-HCllvOI! 

Vit uriiifi A 

' Hill. .s('i. plia rin.'icol . 1U31, 38, 4Sli. 

2 Ann. I<K)7, 366, I, 

■' Hoc. (it. 

< J. ,\Kr. Itri.'H 26, 2H:1; 11)25, 30, 4fM). 

» Hnr. H)2S, 6 IB, r>r)(>. 

® Ihifl. [>. J53 i. '‘’5^. i)hyHi<»l . Clhi'ni. 219, 241). 

' Ihifl. i>. K)0O. 1-11(4^. Ciiirn. Aria. 16, 975. 

H(‘Iv. Clhirn. .XtUa 1 D.'ll , 14:, 014. Thid. 1031, 14:, (il4, 1033. 

® Naturwifiscrisdi. 1033, 21, 44. p. 1431. 
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In the above formulas R and R' represent groups as follows: 


CH3 CHs 

CH.-, CH3 

\ / 

\ / 

C 

G 

/ \ 

/ \ 

R = HaC G * 

1 II 

R' = n*C OH,. 

1 II 

H2C CCHs 

H3GG oils 


/ \ / 


H2 


GH 


Points of attachment are iudicatwl liy ** 


It will be noted that the formula for l?-caroU‘ii(‘ k 8y 
whereas that for a-carotene is unsymmetrical ; furf herriiore, that tins 
molecule of vitamin. A differs from half the molecule of ^-€an)tene in 
that H2O is added. Theoretically jS-carotere can yield twice m niucli 
vitamin A as or 7-carotene, which is in accord ■with the results of 
feeding experiments with rats by Kuhn, Rrockmann, SclicMmeri, and 
Schieblich, ^ who also found that zeaxanthin, lutein, and vif)laxanihin are 
biologically inert. 

Kuhn and Lederer*-^ state that jS-carotene (optically in active) often 
is not accompanied by a-carotene (e.g., in spinach and ix'pixirs), hut in 
no case has a-carotene been found to he the only caroienoiil pre.sent. 
The total pigment of carrots consists of 10 to 20 jMir c<‘nt of tlie « form. 

Karrer and Walker’^ separated a- and /j“Carot(ui<‘ hy fraetional ali- 
sorptiori on calcium oxide or hydroxide from a petrohann c‘tlier s(>luti(»n 
and confirmed the formula (,hoHf,o. The a form sho\vf‘d melt ing |)oint 
187 to (c:orrc‘cted) and specific rotation '* at 18 ' (’. • Ah 

purificulhy Karrer, Walker, Schdpp, and Morf*'' by caileiiuii hydroxide 
adsorption, /Kcarohme shows iinrneflijiiely on spoet roseopie ('xauiiiiat inn 
a hand iit. (>20 }jl}j., «-earot,ene a liarid at 580 g/x; after n short t itiu*, owing 
probably to isomerization, a second hand at (120 /j/x iippcaars in r^-carotoiK'. 

Lycopene^ (bon.x). Willsf litter and h]sch(‘r showed tliat IIm* pig- 
ments caroUuKNond lyeoiierie, Ixitli presimt in tho tnmat 0, have, tlif'snmo 
(unpirical frirmula. Lycopeiif* is less solubles in carbon (iisu!phid(‘ and 
takes up oxygen morf; readily than carohnu*; its solution is blu(*-red, 

1 Z. physiol. Chem. 1 933, 221, 12U. 

* Ibid, mi, 20C, 246. 

^ Helv. Chirn. Acta 1933, 16, 641. 

‘The specific rotation of CArotenoids ifi given for C light iunfoad of Ihf* 

D (sodium line) light; thus in the present case H }?, not (a] is 4 316®. 

\J I J 

^ Nature 1933, 132, 2G. 

»Z. phy^fliol. Cbem. 1910, 64, 47. 
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whereas that of carotene is red-yellow; furthermore, its absorption spec- 
trum is different. Lubimenko^ considers that it is formed by the oxi- 
dation of chlorophyl. Lycopene, according to Karrer and Widmer^ 
melts at 173 ® C. It is optically and physiologically inactive. 

The formula for lycopene, as substituted by Karrer, Helfenstein, 
Wehrli, and Wettstein.'^ for one proposed by Karrer*^ and as confirmed 
by Karrer, Helfenstein, Pieper, and Wettstein^ and by Kuhn and 
Grundmann,® follows: 

CHs CHa CHs CH3 CHg 

\/ I I i 

(C : CH ■ CH2 ■ CEa • C : CHCH : CEC : CHCH : CHC : CHCH)2 

Lycopene 


Xanthopkyl, C40H56O2. — Schertz^ describes a modification of the 
method of Willstatter and StolP for the preparation of xantbophyl from 
cow pea leaves. Willstatter and Stoll® list the properties as follows: 
crystals, swallow-tail prisms; color by transmitted light, yellow; with 
petroleum ether and methyl alcohol, passes into lower layer ; insoluble 
in petroleum ether (carotene is soluble); quite soluble in alcohol; rather 
difficultly soluble in carbon disulphide. Zechmeister and Tuzson^^ 
isolated from nettle leaves three xanthophyls, Karrer and Nilsson^ ^ 
only t wo, a and ( 3 . The latter authors state that both have a hydroxide 
group in each terminal ring, hence they are not, as was formerly assumed, 
oxides. Karrer, Helfenstein, Wehrli, Pieper, and Morf*^ conclude that 
leaf-xanthophyl, lutein, and zcaxanthin are isomers. The formulas for 
a- and d-xanthophyl, acccjrding to data secured by Karrer, Zubrys, 
and are obtained by substituting, in the formulas for a- and 

/:i-(‘ar()loii(‘ givc'ii above, tlio following values: 


CIbi Clh 

\ / 

c 


H= C* 

1 II 

IlOIKJ cell:, 

" / 

OH. 


CH3 CII;, 

\/ 

c 


R' 


1\*C OH. 


Hscx; oiioii 

\ / 

CII 


^ Hiiv. ^(‘ 11 . bofari. 1 014, 25, 475. 
'Mlfdv. Chim. A(‘in l‘)28, 11, 751. 
ri)id. liKK), 13, 10K4. 

arif-ew. (Jhern. 1 <)2<>, 32, <)1S. 

^ Ilelv. Chilli. Xciii lO.Hl, 14, 4:15. 
Mlvr. I9;i2, 66B, IKXO. 

M. Akf. R«h. 1025, 30, 575, 


cil. \). ‘214- 
«b()C. ait. p. 221. 

•"Plm-. 1920, 62B,222(>. 

** Ilelv. C/hirn. AoU 1031, 14, 84::5 
12 Ibid. 1931, 14, ()ir>l. 

‘•'Ibid, nmi 16, 977. 
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Zeaxanthin, C4oHr,602. — Kurrer, Saloman, and Wehrli^ K<‘parat('<l 
this pigment from yellow maize kernels by extnietiou with ulcehol, solu- 
tion in petroleum ether, removal of fat, and crystallizalioii. Karn^r, 
Wehrli, and Helfenstein^ isolated it in the form of long, t)rigiit yellow 
crystals, melting at 201 to 202° C., free from the methyl group, slightly 
levorotatory in chloroform solution, and with HpeetroHCopie absorption 
bands in alcoholic carbon disulphide solution at 480 to 41)5, and 445 to 
461 /x/x. 

Von Cholnoky'^ found zeaxanthin in paprika, and rc^port-s: melt- 
ing point 206° C., specific rotation at 20° ( «, —*54'', and si>eetniin 
absorption lines at 527 to 508, and 492.5 to 47^1 /x/i. ( »ard(*n Pcj^ihts. 

Lutein^ C 40 H 56 O 2 . — Willstiltter and Ksclu^r ^ preinired pure lutein 
fronn egg yolk, established its empirical formula, ami noted lliat it (lifTers 
from xanthophyl in its melting point (H)2 to 198'’ ( '.) and from (uiroteiie 
in its greater solubility in both ethyl and methyl alcohol. KairriT and 
Helfenstein'' state that the specific rotation of egg lutein in cfdoroforin 
is 71.7°. 

Kuhn and Winterstcnrd* showed that lutein is of common occairnmce 
in the vegetable kingdom. From I kg. of <lry jH)wdere<l ymmg gra.ss 
they isolated 200 rng. of lutein, e(piivaleiil to that from 5(10 f‘ggs. Asa 
means of <listinclion from xanthophyl, th(*y employ the formic aeid cohu' 
reaction. According to their lh(*ory, xanthophyl is distn^yed in tli«* 
body and lutein accumulat.es in ilui <‘ggK. Kuhn and Smakiila*^ c:il- 
culn,t(‘ from th(i o|)tical roiat.ifjn and adsorption s[)c<’tra data that the 
color of eggs eoiislst-s of two parts of lutidn to one of zcaxaittliin. \'<iri 
('holnoky'’ isolated lut(‘iii from paprika as lustrous cry>tals, rescmhliiig 
th(x.s(‘ of earotiuK', melt ing at 192 

dapsaiithifi, ( hnlb'fdhj- dliis substam^c occurs logfUber with other 
carot,(moi<ls in t li(' pcricuirpof speei(‘s of red popper, iiotiihly paprika and 
other vari(‘ti(‘s of (^apsientn annuutn. Sec ( lar’dcri Popper, Karrer, 
H(df(‘nst(‘in, Wehrli, Pic|)(‘r, and .Mf>rf'‘' bolievi* that at iioast, one ond of 
lh(" mohanile is cye.lic. Z(*chm(‘isli‘r an<l \'ou ( ’IiohH)k>''yo{ first -ug- 
th(‘ formula ('^.jll.ist b, hut results of their later work are moio m 

» Ildv. Ohirn. Ac(a 1929, 12, 741. 

2 Ibid. lUaO, 13, 2(1K. 

Magyar ( Jybgywn'Kzrud. d'amas; Ki’f«‘Hib 9, 400; ( 'ticui. APm. 19.'>4 

28, 2():U. 

^ Z. physiol. Oliotn. 191 1, 76, 214. 

■' Udv. r'hirn. Acta 1930, 13,86. 

•' NntunviB.s(‘iiH(:h. 1 930, 18, 754. 

" Z. [jhyHiol. Chorii. 1931,197, Hil. 

^ Hclv. (lliiin. Act a 1931, 14, U14. 

«Aim. 1927, 454,54; 1927,468, 70; 1928,466, 288; 1930,478, <15; 1931,487, 197. 
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accord with the above formula or with C35H50O3. Crystalline capsan- 
thin, isolated from paprika by Von Cholnoky/ showed: melting point 
174.5 to 176° C., specific rotation at 20° C. in chloroform —63 to —68°, 
and spectrum lines at 552, 554 to 532, 533, 513, and 514 to 493 mm* 
Physaliene, C72H116O4. — Physaliene was shown by Kuhn and 
Brockmann^ to occur together with carotene in the ripe red calyx of 
Physalis franchetti. In the green stage xanthophyl and carotene are the 
only carotenoids present. Kuhn and Wiegand^ isolated the pigment 
from both F. Jranchetti and alkekmgi. The spectrum bands in carbon 
disulphide centered at 5145, 4814, and 4498 A. U., and in petroleum 
ether at 4830, 4515, and 4230 A.U., the ratio of intensity being 8 : 10 : 1. 
Knhn, Winters tein, and Kaufmann^ derived the formula given above 
and report melting point 98.5 to 99.5° C. (corrected) and specific rotation 
in chloroform —30°. Zechmeister and Yon Cholnoky^ found in Lycium 
halimijolmm 0.06 to 0.12 per cent of physaliene. 

Iihodoxa7ithin) C38H5()02. — Monteverde and Lynbimenko^ note the 
occurrence of this pigment in autumn leaves and the shells of the seed 
of the yew (Taxus baccata) and state that it is an isomer of xanthophyl. 
Kuhn and Brockinann^ assign to it the empirical formula given herewith, 
noting the absence of an alkoxy group, and state that it is the deepest 
in color of the group with an absorption bund in benzene solution at 
524 mm? 18 mm beyond that of lycopene. 

CH3 CH3 

I I 

(lUMICII ;CCH :CH)2 

K h(»4l(>xati til ill 


C\h oih 

\ / 
c 


R \IX) 


c * 


0(4 (X4I;i 

\ / 

(MI 

i’ciint Ilf ntl.'ii'lunciil Ih iinlicjiliMl by ^ 


‘ !.«)('. ('it. 

Z. [ihy.Miol. (’iK'ni. 1!).U2, 206, 41. 

Hf'lv. Chirn. Acta MrJO, 12, -lUO. 

< li(T. iDiU), 63B, I-ISO. 

' .Viiri. l<):i(),481, 42. 

Hul. .Vc.'iii. S(’i. St. Pct<*r*.sl)iirM IDll-}, p. 1105. 
‘ Bf*r. nm, 66B, K2«, 
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r^oZarari^Amj C 4 ()H 5 g 04 , aHisolato<l by Karror and Morf ’ frnin Vi'ula 
tricolcr, had a melting point of 20H” (1 k ring Hiructure, similar I o t hat 
shown for R under xanthophyl, in believed to bo prestmt. 

FncoxantJiin, CboHr.oOa.— This carotenoid occurs in brown stauvec^ds. 
Karrer, Helfenstcin, Wcdirli, Pieper, and Morf- suggest, that the inokauih? 
has two rings, both more highly hydroxylated than in xanthophyl. 

Flavoaes and Flavonols are yellow colors which tloiibtk'SH occur in 
many vegetables and fruits but have been studied inostly in barks and 
dyestuffs. Common examples are chrjjmn or dihy<irn>:yfla\‘or)o, 
CjsHuA, and quercetin or tetrahydroxyflavonol, <hr.IIioC 7 + ICO. 
Unlike the redatecl anthoeyanins th(3y do not (*xist in plants us 
compounds. 


H 

C O 

/ \ / \ 

HOC C ( !• OiiTI:, 


HC C (ill 

\ /\ / 

C 0 
OH 0 

C'hryBin 


II 

c o 

/ % / 

c (’•(VJf.'dni!) 

II I II 

lie C COH 

\ / \ / 

( ^ 

OH O 

f ,'u <'rr«*tili 


Lyochromes or Plavins. SfM‘ Vitamin ( J. 

Anthocyanins arc glu(a>si<k‘s r(‘lak‘d to the lluvnnc.^^ in that they arc 
phcnopyryliuin derivative's, hut. differ inurkc<lly in being oxoiiiinn .'^alt.^ 
with a (|ua(lrivalent oxygem in tlie inohaMilo. Previous to tii(* work in 
Willstiittcr’s laboratory’^ hcie sumniari/,cd, onr knowl(*«ig«* was limited 
chi(dly to color n'actioiis such as th(‘ red or scarlet f<inne<l wilhaeids, the 
bliui or violet with sodium carbonate, and tin* red, piirjdc, or blue pre- 
cipitate with lead subneadate solution. 

Thf^ inolccuk' of the antboeyaniiis consists of one efpiivalent t»f an 
(inihocyamdin (the chromogenie constituent) or ils nioiai- nr dimeihyl 
(kirivativc and one or two ccjui vakuit.*^ of a liexo^e r or ) 

or th<! p('ni()S(‘ rhamna^e. d'iif* <‘olor was exlrneted by aceijr aei<l or 
oth(u* suitiibki solvtaii from a large* amount of the v'cgiUahk' maO'rial 
and convcrhal in most eases into crYstalline pjcr.ale fnaii wliidi in turn 
ih(‘ hydrochloride was })r(‘{)ar'cd. Deeompo.sition into tin* ebloridc of 
th(' ant hocyaiiidiii and the sugar or sugars was etTected by boding with 
20 per (‘(‘lit hydrochloric acid. 

‘ Jlolv. Hhim. Acta 1931, 14, I()*14. 

“ Ibid. p. 014. 

' Ann. Hmi, 401, 189; HUT), 408, 1; lUIli, 412, lb'!, VM], WU, 101, I7h, 195, 317, 
231; 8il/,l>. Akfnl. Wihw. 1914, p, 40*2; 14 <t. pharni. ( 1105, 26, IdS. 
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Three primary anthocyanidins, named after the flowers from whose 
anthocyanins they were irst prepared, have been definitely identified. 
Their chlorides are as follows: (1) pelargonidin chloride, C15H11O5CI, 
(red geraninitt), (2) cyanidin chloride, CisHnOeCl, (corn flower), and 
( 3 ) delpMnidin chloride, OisHuO/Cl, (larkspur). Anthocyanins may 
be separated from anthocyanidins by shaking in an acid solution with 
amyl alcohol in which only the latter are soluble. The anthocyanidins 
are split up by hot alkali into phloroglucinol and a phenolcarboxylic 
acid, pelagonidin yielding p-oxybenzoic acid, C(3H4:(OH)COOH, cyani- 
diii yielding protocatechuic acid, C6H3(OH)2COOH, and delphinidin 
yielding gallic acid, CgH 2(OH)3COOH. Below is given the structural 
formula of pelargonidin chloride from which the formulas of cyanidin 
and delphinidin chlorides differ in that the group C6H4(OH) is replaced 
respectively by CaH3(OH)2 and C6H2(0H)3. Being oxonium salts, 
the 0 attached to the Cl has four bonds. 

CH OCl 

/\ /\ 

HOC C CC 5 H 4 ( 0 H) 

I I II 

HC C COH 

\ /\/ 

COH CH 

I’elargonidin Chloride 


'Ih(‘ following (lata wen; sc^ciirod in Willstatter's laboratory: 


Komuila of Conripoiirait 

I'Vuil . . aril.hor'vaniu aiitho- Component sugars 

mil hoc Villi m , , , 

oiilorKlo 

(Hirriy loTiKyaniii cyiuiid; 1 ( i(‘xt rose*, 1 rhmn: 

Sloe “ 

Pliini pniii icv'.'iuiu 

Riisplit-riy . . . 

I''o.xlM‘rTy .... ga.l!».(‘t ohi' 

ciiiri <l(‘xt.ros<i 

my It illin my rt.illhiint 


In th(‘ fruit of s(‘V(‘ral .s{)(‘<:i(>s of American grapes, Aiidiusoii ^ found 
aiilhocy.aiiiii 1 li(‘ aiiUio(W!Uii(liii of which is inouoiiu'thyl delphinidin. 
Tin* formation of :tnlhocyaniiis in fruit pickiid gnion is attrihutyd by 


>.J, Kbl. (liHii. l<)2:i,67,79ri; 10*24, 61, 97. 
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Politis^ to the dying of the epiclonnal cells, ilnis favoring redtiriion 
of flavoiies. While on the tree, when oxidation |)ro<‘f‘Hf<OH previiil, 
the formation of anthocyanins in ndarck^i heeanse oxyflavonfK lire 
reduced to anthocyaiiidinH. 

Leuco-aiithocyanirus are .stated by RobinHon ainl HohiiiHon- to Im* 
colorless progenitors of anthocyuriklin occurring in a gn‘at variety of 
vegetable growths. 

Odorous Constituents.— Vegetables with marked amounts of odorcnis 
constituents include the bulbs and leaves of ineiiilHTK of the onion family 
containing allyl sulphide and the leaves and fKliolcH of tlic» parsley 
family containing volatile oils rich in terfKines and derivafives. 

Examples of fruits the odor of which correHfXHHlH with a single sub- 
stance are the banana, containing omyf (miaU\ and the Ainerimn gra|)€*. 
containing methyl (mthranihte. Other fruits, so far as studied, eonliiin 
mixtures of ethers, alcohols, aldehydes, ami v^'nlatile oik. \ \mm\H tunyl 
esters occur in the apple ami linahol eslcm in the jM’iudi; Ixfth fruits 
contain also acetaldehyde and minor odorous c<mstitUfnlH. Among the 
odorous constituents of th(^ orange are (iceione and avrliddihud*', In 
squeezing the juice from the orange ami hunoii a certain amount (»f 
volatile oil may be inirodueetl from the j>{‘el. 'Fhe resinous odor <}f t he 
mango is due t,o volalik^ oil. 

Enzymes occur in gnuit variety in fruits and play imp<ir!ant rides 
in ripening. 

Mineral Constituents.-- hYuits and vc^getahh^.s, {‘x^’opting .^‘eds, yield 
an alkaline ash diH^ to the prepoiid(*ranee of fjiisii* ox’cr muil-fimiiiiig 
(dements. Th(‘ fre(^ organic acids Inirii to carbon dioxidi* and ibeir salt s 
to carl)Oiiat,<xs. 

Minor Mineral Constituents. It may Is* assiuniMl. onle.ss (itlirrwkc 
shikMl, that th(‘ figures giv<‘n mid(‘r (‘ach product were obtaiiied nii the 
(‘dibits portion and that cont aininalion, such as adhering dirt or spray 
r<\sidu(*, had b(*cn rtaiioyaal by washing, paring, or otlaTwix*. The 
y high lunouiits of arscuiie and lead rcfjorted by White" and 
et al.'^ show lla* extiuit of eoiilaniination due to faulty inetlmd 
of spraying and faihiie to wash tiic fruit. Tlie iiuKst instnielivf* tigiiies 
ar(^ thos(‘ ohtain(‘d on products known to have been grown without 
spraying. 

SoiiK* of th(‘ authors (piot(*d faikai to state the par! an.aivzed < ir (he 
(*xa(*t nuaining of tin* ternT'edihle portion,” 

» Praktika (Akad. Athrnaii) 1‘J28, 3, 4H). 

2 Bioehein. J. IIWB, 27, 

•' hid. Itiig. Chon. \ \m, 26, 021. 

^ Ibid. j). G‘24, 
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Numerous results on iron and tin in representative fruits and vege- 
tables, packed in cans coated ^vith different weights of tin and stored 
from one month to over a year, are given in the report issued by the 
National Canners Association.^ Since the publication of that report 
marked advance has been made in preventing contamination. 

Vitamins.— At the time Volunae I was written the subject of vitamims 
was in the transition from empiricism based on animal experimentation 
to organic chemistry. More recently substantial progress has been 
made in determining the chemical nature of these substances, and it is 
now, in certain cases, possible to express more or less accurately in 
terms of definite compounds certain physiological properties hitherto 
(lewignahal merely as capital letters. Although the time has not 
come when McCollum’s alphabetical nomenclature based on animal tests 
or eveui on color reactions, can be entirely displaced by chemical terms, 
since sc^veral substances, perhaps of different chemical groups, may have 
siniikir physiological action or may react in the same manner, it is, 
howevfu*, within the province of this work to describe the substances 
whic.h have l)e(ai identified and note the cases where their isolation in 
food j)r(>(luets has tx^eui accomplished. 

At pu'sent, six vitamin groups are fairly well defined. Of these 
A, 1 ), and 1C an' soluble in fat, and H, and G are soluble in water. 

( 'onsidf'riiig only natural foods, vit.ainin D is limited to the animal 
kingdom hut- is pn'Sfuit in ecux'al products and certain other vegetable 
foods aft(*r irradiation. On tli<i oIIku’ haaid, vihtiuin G is limited to 
v(*getal)l(‘ foods and liv(‘r. others a,rc^ ])res(mt in both animal and 

v(‘getid)l(‘ f<)( )(is but not. always ib(\sain(' foods, dlie bri(d’ descriptions of 
th(‘ (iitlenml vit a mins wliieli follow aw. limited to llK'ir oceurixuice, cori- 
.stitution, nod pr-oporties, 'riu'ir phvsiol()gieal a.(d.i()n is tn'iih'd in the 
nioiiogrnf)!! of SliiMTiian iind Sndlh“ and l)ri('tly in ih(^ (hart of W(‘ston 
and Lex'irie,-' 

I’ltifinlft .1, < ). d'li(‘ ehi('r, if not. th(‘ only, duMnicul sub- 
.‘^taiici‘ of biological vitamin A, a pr(>t<‘(div<^ agaiiist infeid.ion and 
oplil lualniia, is a fa t-solulile siil)staii(‘c r(dat('d to (uiroicau'. Ita xaairs iiioie 
()i‘ l(‘>s nbiindantly in tin* eoniiuoii gna'ii, yidlow, and oi*nng(^ V('g('(,abl<‘S 
and fruits, as well a.s in milk (butter fat ), (‘ggs, livau' (livi'r oils), and 
otluT oi'gaii.^. The ol).s(a'v:it ions of Sti'i'iil )oek, ’ Ilostuiladm and Driini- 

' I{rl:ili\r \':il iK* of l)ilT(‘ri‘nt \V(‘i|rJits of 'Tin (toiitiiig <>a ( 'iiriiu'd IuhxI (U)nlaiiior.s, 
W'liNliitii.' tun , 1 017, 

''IIh* \r 1 t:i 111 io.s; Am. ( liom. Sue. AIoiioxi'iLpli i\o. I>, New York, I iKU . 

J’uIiIihIici 1 liy .'N)ulh (’.-irolimi k'ood Kc.s<‘:iri'li ( toimiiiHsioiu ('liari(.iHt<Jii, tS. C., 
pi'ifi* tea ceiiLs. 

‘Sci. i<»i 9 , 50 , :m. 
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mond, ^ and Steenbock and co-workers- that vitamin A pokncy is (jftfm, 
but not always, associated with a yellow pi| 2 :in(‘nt was prophet ie of 
Karrer’s achievements in isolating a definite carottnioiti-like 
with properties of biological vitamin A and in framing ntnirtural 
formulas for this substance as well as ndated carotcmoids (He<‘ ( *ar<Jtene 
above). 

As separated by Earrer, Morf, and 8ch<ipp'^ from the nnsaponifi- 
able matter of mackerel oil by adsorption on fuller’s earth from a 
petroleum ether solution, vitamin A is a faintly ycdlow, optically iiiaelive 
alcohol which flows only when heated. It forms estors vvitfi />-nitro- 
benzoic acid and acetic acid. In their study of isomers, Karwr, 
and Morf ^ found that carotenoids not affecting gr<iwth havci no uiwuIh 
stitnted /i^-ionone ring system, hence they c<mclu(I(‘ that tliiH 
is essential for producing growth. It is significant tliat lutein, 
thin, and lycopene are biologically inert and as shown by bn>€kmarin 
and Tecklenburg’"’’ do not form vitamin A in rat liv<T. From |i-(mri jUuk* 
the theoretical yield should be 20 jxir cent, but actually only 8 iht cent 
was found in the liver; a- and y-caroteiif* should yield half as miieh ns 
/3-carotene, but actually the yield was less {fian half. Kuhn and 
Brockrnanrd^ previously had found tlu* a and ji forms CH|uaI}j elTeetive. 
In small doses Moore found that carol erie is as (*flici(*nt as vitamin A. 

Vitamin A, in the chemical sens(‘, Ls a <a)]lco(ive term, Hince by 
adsorption with calcium ax'uh or liydroxi<le Karnu’, V’alker, Sj‘hi»pp» 
and Morf^ sej)arat(ui it into and >3- forms, following the iiielhoii 
emi)loy(d in the case, of «- and /t- carotene, lln* main fraction^ con- 
sisting of tluid-forin, showe<l a sptadroseopic band at the ot Iht 

fraction showed oik^ at 27t) /i/x. Ihvviou.sly Karrer ajid Scltopp'* M‘pa- 
rattaJ vitamin A from carohme in a petroleum <‘tlier Holiiiiiui eoritainiug 
10 per cent of methyl aI(!oli()l by it.s adsorption on fihneis alnminuiii 
oxide and from xjniihophyl, ;^(*axan(hin, violaxant hin, capMmthiiu .and 
fueoxanthin hy adsorption of thest* on caleiiuii e.Mrhonale. 

TIh! oxide of /t-carot(‘n(‘ i.s stated by Karrer, \'. Idder, Hidl^tmni, 
and Klu.ssnianid" to ha\'(! t he snin(‘ iiifiiamee on growth as t he n la ixidized 

1 Liuicvt 1, p.HfPi. 

2 J. liioL Cheni. UriO, 41, HI; 11)21 , 47, SU, I'.)22, 61, oa. 

2 Chirii. Aria llUll , 14, M.'ii. 

*ll)i(l. 1932,15, IlfjS. 

^ Z. pliyHiol. (Jlicrii- 1933, 221, 1 17. 

s Per. 1031, 64B, im. 

^ J. 1933, 27, H9R 

» Nature 1933, 132 , 20. 

» Helv. Chilli, Aela 1932, 16, 745. 

Arkiv. Keirii, Min. CkM)L H#3*2, IIB, No. 3. 
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form. Other derivatives of carotenoids will doubtless have nutritional 
significance. 

Color Tests. — Of particular importance are the color tests based 
on the observation of Hager ^ that cod-liver oil in a fat solvent gives 
a blue color with sulphuric acid, which, as shown by Drummond and 
Watson,^ varies in intensity with the vitamin potency. Carr and 
Price substitute antimony trichloride for the sulphuric acid. Gillam, 
Heilbron, Morton, and Drummond‘S employ antimony trichloride 
in preparing what appears to be the biologically inert isocarotene 
of Kuhn. 

Vitamin B, C12H16N4OS. — As first prepared, vitamin B was a 
mixture of vitamins, one of which, B2, is now known as vitamin G. 
As now restricted, vitamin B occurs in cereal germs and bran, nuts, a 
great variety of fruits and vegetables, milk, cheese, eggs, and animal 
organs. Funk^ first called attention to the antineuritic and antiberi- 
beri water-soluble vitaniin present in the arginine fraction from the 
hexone bases obtained from an acid alcoholic extract of rice polishings. 
Williams^' carried out extensive studies before the elimination of vita- 
min G was effected. 

Windaus, Fschesdic, Rulikopf, Laquer, and Schultz,^ who ana- 
lyzed the i)icr<)lo!iate of supposedly pure vitamin B, suggest the formula 
tNsOR; Windaus, Tsehescho, and lluhhnpf,^ who analyzed sev- 
eral salts, give C]i)HaoN40S. Seidell and Smith •G)l)taincd from a spe- 
cially prc^paiTvl vitamin B concentrate, by treal.ment with alcoholic 
picrolonic acid, a sulxstuice of spcadal purity crystalling in rods, or 
pri.sms having high anti polyneuritic action. Jannen, Wibaut, Hubers, 
arifl Wiardi also analyzed prepa, rations of l,he vit.amin. Windaus, 
T.sohf'Sfdie, and Giavve,*' by oxidation of tlic^ vitamin, obtaJiiod two 
[)roducts, bid. did lad, aseiudain tludr siruoturo. 

Willinnis and on-\vork<‘rs ' )nstj\‘d,e<l tiia.i two rui(‘.l(‘Ji a,r(! 

pn'sonl, one pyriniidiru*, the odu'r (diiazoh', and r(‘f>:jird ihf'. fol- 

' Phurrii. Zciitmlh, ISSS, 26, IIU 

2 ArmlvNt 47, .'{41 . 

^ Ilinriinii. J. 1024, 20, 447. 

< Ibid. 26, 1174. 

.J. Pliy.Hiol. 1411,43, :m. 

M. Hinl. Clbem llllf), 26, 427; with S<-i(loll 14ir>, 26, 4S1 ; 1017, 29, 405; ,1. bul. 
I4iig. Cherii. 1421, 13, 1107. 

^ Z. phv.sif)!. ( 'bfrii. 1422, 204, 122. 

N'achr. ( Jch, WI.hk. Ca’ittiiigoii Matli.-phvKik. Klnasr^ 1432, p. 242. 

“ J. Am. Cheiii. Son. 1932, 56, 3220. 
t niv. rhiiij. 1 933, 52, 366. 
phyKiol. (diriij. 1934,228, 27. 

Am. Chfin. Son. 1925, 67, 229. 617, 520. 
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lowing formula for tlie chloride-hydrochlorides of the* vitamin m the 
most probable: 


NHi. 



CH;{ 

yO- ^ CClhVll4)il 

I 

1 Xdl-H -IfCl 

Cl 


Vitamin C. — Ascorhio or amyrhivir (irfdj (V.Hht^n, a luoxuronic 
acid, isomeric with glucuronic aci<I, isolalcxi l)y Swuif-C ly^jrgyi * from 
the cortex of adrenal glands, also from cabbages and oranges, was later 
isolated by King and Waugli“ from an {intisrorlmtit* concent rate of 
lemon juice. During the same year Kvirhedy and Hziuil-C lyorgyi/'^ 
Hirst and Reynolds/ and Hawortlr'’ studied its pbysudogica! action. 
Ascorbic acid also has been isolated from paprika by Svirhely ami 
S2:ent.-Gy5rgyi,^* and from red peppers of other tyiwxs l»y Baehstez.' 
It doubtless is of wide distribution and accounts in large part, if iioi 
entirely, for the vitamin (t poUmey of fruits, vf‘getahie.^, and liver. 

The irregular aggregates of rectangular crystals, fibtained by 
and Reynolds'* from th(' cru(i(‘ substance* isolated from the cnirfcx «if 
adrenal glands, showed sp(‘c*ifie rotation at 20 (\ in a<jU(*oiis .sdutions 
(sodium light.) irnrnedint(‘Iy in thn*e days dl , and in eleven days 
f)^. The d- and /-ascorbic acids s3uitlH‘sizod by Heirhstein, ( Ini>Micr, 
and Oppenaurer^ had tlif* following propertio.N ro>f>er}i\'ely ; nielfnjg 
point 1S7 t.o mid ISf) to IK!)' specitie rotation :i! 2.'i ( 

— and -blS"; alkali e(piival(‘ni I7<).2 and 1 7b. 5; ieiiim* ef|ui\'. 
alent 87.4 and 87.1. Synthetic /-ascorbic acid is idenlical with fie 
natural acid 

S/.ent.-C lyf irgyi •' discovered an enzyme, /u jfunhsc, wfiidi appear- 
to act, in filant respiration as a carrierof oxyg(‘ii to ascorhje arid in fnnie 
inga r(‘V<'r’sib](* oxidation pnxluet. 

Hirst and Zilva state that asc<irl)ic acid.< oblained from (liffcreht 
source's Jire not alike in their a nti.-^corbiitic action and pom! f»ii{ the Imi- 


‘ Bioehcrii. Z, 1027, 181, -Uili; .N'.-iInrf 11)27, 119, 7S2; HuH-hfOn, .1 PCs. 22. 
2 Kfience 1 0.02, 76, ,0.77. 

^Kndirc 10.02, 129, .'■)7(>, 

' Ibid. KrTJ, 129, .07(1. 

Ibid. lU.TJ, 129, 570. 

Hiioelmn. ,1. V.m, 27, 270, 

’ Oiorn . fhirn. irid.appl. Hr'id, 16, r)lU. 

«N:itiin‘ lO.'iU, 132, 2K0; Ilflv. ('him. .\rta 1 0:$:i, 16, alii, 1010. 

M. Biol, (.IhcTii, llKJl, 90, :iK5. 

Hiachcrii. J. ITO, 27, 1271. 
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itations of biological analy^tical methods. The acid they ol)iained })y 
reduction of the oxidized substance was found to he as active as trhc 
original substance. As examined by Dalrncr and Moll/ an acid iso- 
lated by Maurer and Schiedt,^ has the same empirical formula as ascor- 
bic acid but is orally only one-fortieth as active . 

Haworth'^ suggested that hexuronic acid is the 6-car boxy lie acid of 
a ketohexose, with no apparent relationship to levulose or the ked-ose 
corresponding to d-galactose. Cox, Hirst, and Reynolds'* proposed a 
constitutional formula which, although lacking a bridge, was considered 
by Haworth to be nearer the truth than the hydrofuran foriniilas given 
in the earlier of two papers each by Micheel and Kraft*’ and [)y Beich- 
stein, Griissner, and Oppenauer/ although in both the hd-er papers a 
new formiiLa advanced by Haworth in essential details is approved. 
Several forninlas have emanated from Karrer’s laborjitory. Thc'- more 
likely of two proposed by Karrer, Schwarzenbach, and Sch()pp^ and 
Haworth’s formula are given below. 

— O 1 

GHd)Il(!][()H-CH-CXJ-ClI<)IL(d) (Haworth) 

0 

■ <db COH : Cdl -CX)!!- Gi )( )I I f KiiriTr et a,L) 

Ancorliir ( lI<(xuroni<') Aoi<l 

VihiNiiu I>. This ariiirnfdiitic*, fntrsolubki vitamin (lifh'rs from the 
otlif'rs now known in (iiat it oecairs initurally only in ('(‘rtairi animal 
foods, notably milk fhiifUT fat), (‘ggs, fish liv(‘r foil), and sludl fish, 
but is foriiKnl by irriulial ing (U'reahs aii( I certain of Ihu' v(‘gel jilih' pr< xlueis. 
S(a’oral authors calhs! attention to its [)res(‘iic(‘ in (‘rg( )st(‘rol, (»r 

f*hoi(‘.‘<toro! coat ;i ining (‘rg()sl(‘rol, irnu liabnl with ultuaviol(‘t r:iys, iKOicf' 
the naiiio viostcn'ol. W'lKldoll'' belie v(‘s that irnuliatiMl choh'st (‘rol is 
rnori' net ivo t h:i ii irrat liat e<i ergost (‘rol, t hus c‘Xj)lniiiii!g ari( )!iinl( ms r( 'suits 
hnsf'd on the .‘issuiiiption th.at ergost (‘n )l isllic basic jirovil :irii in I). 
Iicmcso V (-(nisidcrs vitamin I) to !>(' a kc'to tnut oinor'ic form of eliolcs- 

’ y. ('Ill ‘in. lO.'i.'i, 222, I ll>. 

• n.T. I'.iP;',, 66B, 

■ N:ihii<‘ i'JiVJ, 129 , 'iTti. 

^ I 130 , sss. 

■ ( 'hern , (V hui, p. }S2. 

itfiyHiiil, t'hfiii. l‘a' 5 , 216 , 2ir>; l<):i:{, 222 , LUT). 

'Mlelv, ('hull, Acta IB, noi, 1010. 

Mbei. 16 , 

'*'. 1 , Biol. {'hern. 10 B 4 , 106 , 71 1 . 

» HiocfiPia. Z. 1 1IB2, 260, m). 
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terol produced by ultraviolet rays from the inactive! eaiol ftjnn, furlhcT- 
more that it has the action of an oxidizing enzyme. KaritT and Veui 
Euler ^ suggest that vitamin J) is a purine derivative. 

Askew and co-workers^ obtained, by the double dint illaiian cd irra- 
diated ergosterol in a high vacuum and crystallization from dilute 
alcohol, crystals of calaiferolj a substance containing an alcoiiol group, 

melting at 123 to 125 and rotating [a] j + 260''. iHoriK^rn 

with widely different properties were also obtain(*(|. Ilicy hIiiO* tJnii 
pure calciferol is not identical with vitamin l)i butrcHeinhleH vitamin I>:f. 
Bernal’^ has studied calciferol and four other isomers of siiniliir pro|x*r- 
erties. 

Vitamin E. — Little is known of the chemical natuit’ of iliiH fat- 
soluble, antisterility vitamin occurring in cercxil grains (notably thcj 
germ), leguminous seeds, various oilseeds, milk, meat, ami egg y<dk. 

YitaminG {LyochromeH or Fhmn.i). — At first viianiin B wasdeserihed 
as having antipellagric, as well as antineuritie, act ion. Later t w<» s«*p- 
arate individuals Bi and B 2 were recognized, and still later tin* name 
of B 2 was changed to G. Although the statuB of vitamin G is soino- 
what uncertain, it appears to be prcHent in a wide variety of foods, 
including numerous vegetables and fruits, cereal geritiH, meat, animal 
organs, fish, eggs, and milk, hence there is little danger fd (iefieieney 
wlicn th(! diet is reasonalily diversifi(‘d. 

Chemically the vitamin appears to b(! a pigriifuii or group of pig- 
pigments. Ellinger and Ivoschara * f)ropnse<l I lie name (tpH'hnitiif s for 
a group of crystalline pigments witli yellow-green tiuon‘seeiio(» which 
they obtained as (1) spheroidal aggregates, (2) hexagonal, nearly rhom- 
bohedral plates, and (3) nxl-browii stellate aggre^gates of hnifa'-Nbapcd 
k'iiflets, containing 21.6, 31 .1), and 31.3 per cent of nitrogen re.‘^fMTt ively, 
also (4) (lactoflavin) forining fine yc^Ilow rK^edlesor re«l OHi,*. df‘uo[ii}>o“ing 
at 276 to 27"GC1 Analysis of the last corresponds with tlu* f<jrmn!.‘i 
GioIGoBfiN-i or CbiHaoi bh^-}* 

Kuhn, Gybrgy, and \\'agn(»r-Jauregg, ■' whfj publishefl their piv- 
liininary paper on tli(! same dale as the foregoing authors, i.solated from 
various foods nitrogenous substances <jf the lyfudirome group with 
antipellagric potenry which they calksl flavin.s wnlh or without 
prefix showing the source (ovoflavin, lactoflavin, etc.). ^ 

I Arkiv. Kemi, Min. Cleel. 1933, UB, No. If>. 

®Prnf. Iloy. Soc. (Ivondoii) 1930, 107B,76; 1931,1(>8B, 349; Nature H}:P,128, UM. 

a Nature 1932, 129, 277. 

<Ber. 1933, 66B, 31.5, 803, 1411. 

‘Ibid.p. 317. 
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and Rusk a ^ observed that the pure flavins are decolorized by yeast, 
minced muscle or organs, especially in the presence of certain lactates, 
succinates, citrates, aldehydes, etc., but the color reappears on shaking 
with air, that is, they act similarly to methylene blue as oxygen carriers, 
llie fluorescence of lyochromes is stated by Kuhn and Moruzzi ^ to be 
due only to the ampholyte, hence it is destroyed by strong acid or alkali. 

As shown by Kuhn and Hudy, laetoflavin is optically inactive in 
neutral and acid solutions, but is levorotatory in solutions of sodium 
hydroxide, the maximum specific rotation being, at D.l normal, 20° C. 
I ) light — 1 15° and Cd light —60°. They^ demonstrated that flavins in 
the sunlight are converted miolumiflavim which have a blue fluorescence. 

Kuhn, Rudy, and Wagner-Jauregg^ established the identity of 
flavin with vitamin G (B 2 ) and showed that the laetoflavin molecule 
consists chiefly of alloxazim^ CiaH 6 K 402 , in combination with the 
Hiignr-likc side chain— CH(OH) •CH(OH) -CHCOH) • OHaCOH). Their 
aualysis conforms closely to the formula C 17 H 20 K 4 O 5 and to that of 
triiii(dhyl-alIoxaziu{^ with the side chain attached- Karrer and 

vStdidpp^* believe' that the skeleton of laetoflavin and ovoflavin, both of 
vvhidi pass irift) Iiiiniflavin by irradiation, is ^J-dimethjl-alloxazinef 
ahhougli th(\y arc uncertain whether the side chain is the same in both. 
The configuration of alloxazineis as follows: 

NH K CH 

1 1 II I 

(^O N (T1 

Alloxjizinc: (Kuhn nrid Hilr)’ 

Three d ioiel liyballoxjizines wf*rc synthesizi'd hy Stern, Holiday, 

d Stem t rinudhyl-fiavin with propcTtien of lurni laetoflavin was 
}>y Kuhn and Heinemund.'^ Various otfior alloxazinos and 
(*s have he(*n syiithesizi'd by Karrer, assisted by Salomon, 

^ H(‘r. \ m, 66B, 12<)S. 

67B, HHS. 

Hhid. l\m, 68B, im. 

Mhifi. 1034, 67B, 802, 112.7, 1208, I82(>, im 

Hhiil. 103 : 1 , 86B, \<m. 

«HHv. Chirn. Ada 1021,17, 1557. 


p. 1-142. 

MMd. p. n):32. 

‘Hlelv. Cliim. Acta 1934, 17, lOIO, 1516; 1935, 13, 69, 426; Bcr. 1935, 
68B, 216. 
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Schlittler, Schc)pp, Ffaehler^ Benz, and FritzHchc. Afcording Id Kuhn 
and W€ygan(l, ^ synthetic 10-teira-a(iotoxy-aniyl-7,H-(liiiH*tliyl-iwHilk)X- 
azine (anibincse confiKiiraiion) actHphysioloKieally Kiiiiilar lo vifamin ( J; 
these authors- in later experiments prepar'd ti't ruacet yId),7-fIjriH‘f liyl- 
O-Z-arabinofiavin conforming to natural (tetnuicetyl) lac’toflavin in 
properties. 

That vegetat)le and animal lyoehromes are ideiiiicsil, !iccii*rding to 
Karrer and 8chopp'^ is indicated by the agreemc^nt in melting {>oint and 
crystal formation of a preparation from dandelion flowers with prc*pura- 
tions from liver, milk, egg white, and egg yolk. The amount of Ijiclo- 
flavin in plants as determined by Kuhn, Wagner-Jiiuregg and Kali- 
schmitt,"* always exceeds that of lumifiaviri; fr<uii KKi kilograms of 
alfalfa hay they isolated 30 milligrams. In liver fh(* iimoniit is fairly 
constant regardless of the food, which is not tnu* of vitamin A and 
ascorbic acid. A comparison by V. I^kiler, Adl(‘r, and SchhdzcT'* of 
the amounts of flavin in OkkIh found by a fiiioronadrie mi'thod agreed 
with values l)y biological tests. According t^o \'. Kuler and Adler/’ 
70 to 100 per cent of th(^ flavin of liver, kidney, and (*ggs, biif only 20 to 
25 per cent of the flavin of milk is combixK^d, 

1 Por. H)34, 67B, 2084. 

[bid. I0;^5, 68B, 100. 

» H(dv. Ohim. Aria V.m, 17, 771. 

■* Per. HKM, G7B, 1-152; 19:^5, 58B, 128; Z. phyHioI. 1925, 232, 'M\. 

7 j . ijliynioL Ohdrn. 1024, 226, H7. 

Arkiv. Krini, Minora!, (lonl. 1034, IIB, No. 2S. 
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VEGETABLES* 


A CONCISE definition of vegetables is not possible. Certain fruits 
in the botanical sense, such as melons and tomatoes, are on the border 
line between fruits and -vegetables, and certain others, such as pump- 
kins, garden peppers, string beans, and okra, are classed as vegetables 
because of lack of fruit 7 flavor and for other obvious reasons. Most 
leguminous seeds, whether fresh or dry, belong in the vegetable class, 
as do also most succulent seeds, leaves, stems, roots, and subterranean 
stoiiiH (tubers, conns, rhizomes) used either raw or cooked for food. 

^itnicture is considered in the introduction to Tolume 1. 

Protein is abundant in leguminous seeds and leaf vegetables but not 
in roots and subterranean stems. In sprouting seeds and green shoots 
amino acids, such as glutamine (glutamic acid) and asparagine (amino- 
suceinic acid), are present. Betaine and choline are among the repre- 
sentatives of the nitrogenous bases. 

Pat, although llio chief non-nitrogenous reserve material of some 
leguminous .s(H‘<ls, is a minor constituent of other classes of vegetables. 
As determiiH'd by (diier extraction in leaves and other green parts it is 
coniaminatiMl with ohlorophyl. 

Store, h or cell wall carbohydrates replace fat as reserve material in 
.s(‘(‘ds of {‘(‘rf ain sp(‘(.*i€‘s, the leguminous seeds furnishing examples of the 
lhr<‘(* t ypes. IIk* carbohydrate reserve of roots and subterranean stems 
may Ih‘ chiefly stare.h (e.g., carrot, potato), sugar (e.g., beet, sweet 
potato), iiiuliii (e.g., .salsify), or one or morci ill-defined substances little 
understood turiiip). All vegetables, whether or not starchy, 

contain mon^ or l(‘s.s .sugar, the proportion of sucrose to reducing sugar 
bei iig variafile. 

Although veg(d,abl(‘.s as handled in the kitchen do not show jellying 
prop<‘ii i(*K, sugar b(M‘ts (especially the i)()mace), turnips, and other roots 
aie rich sourci's of pcHitin. Special studies have been made of the pectin 
of th(‘ tomato. See^ Introduction. 

Acid vegtdabies ani unusual, the tomato and rhubarb being note- 

‘ Includes dry legumes. 
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worthy exceptions. The^ vegetables richest in nutrients usnally have* n 
bland or, sweetish taste. The pungency of tii(‘ (juicai gnaip is due to 
allyl sulphide, of the mustard family to sinigrin (mustard (jil), and of the 
parsley family to ierpenes and derivatives. 

Chlorophyl occurs in leaf vc^gotables, excc‘pt when hlandied, anti 
others of a green color. Of the other pigments, caroienoitls preiloininate, 
anthocyanins occurring only in a few vegetal)Ies such us the Ix^et anti 
radish. 

The ash of veget-ahles, other than seeds, since thc^re is a preiK>nder- 
ance of bases over acid-forming mineral ekmients in tht^ fresh materitd, 
contains carbonates and is conse(|uently alkaline. 



MUSHROOMS 


Edible fleshy fungi are commonly known as mushrooms, although 
strictly speaking the term includes both poisonous and non-poisonous 
species. Numerous species are gathered by peasants and connoisseurs 
in field and woods, and members of the genus AgarimSy especially the 
species /i, canpestris, are cultivated commercially both in Europe and 
America. 

Although it is not the province of this work to furnish schemes for 
the distinction of poisonous from non-poisonous forms, the following 
rules by Farlow^ are generally accepted as of value for beginners: 

(1) Avoid fungi wken in the button or unexpanded stage; also those in which the 
flesh has begun to decay, even if only slightly. 

(2) A void all fungi which have sUlks with a swollen base surrounded by a sac-like 
or s<uly envelojK!, especially if the gills are white. 

(11) Avoid fungi having a milky juice, unless the milk is reddish. 

(4) Avoid fungi in wiiich the cap, or pileus, is thin in proportion to the gills, and 
in whicdi the gills are nearly all of eciufil length, esi)ecially if the pileus is bright 
(colored. 

(5) Avoi<l all tuhe-beariiig fungi in which the flesh changes color when cut or 
broke:!! or wh(*re th(i inoiiths (jf the tubes are reddish, and in the case of other tube- 
bearing fungi exixn-iinent with cant, ion. 

((>) l''ungi which have a sort of spiiler web or fkjcculent ring around the ui)per 
p.'irt of th(‘ .stalk .should in general lu': avoitled. 

Ruh's 1 , 2, and 5 may for t.hti beginner he regarded a.s absolute, wit.h the exception 
to riil(» 2, Ainiuiild nfmrea . .. , tlu^ gilts of which are yellow. Rules 4, and 6 
havM* rnor(' niiriHM’ouH (exceptions, but t. he.se rules should l)e follow(Ml in ail ruuscs 
unles.s th(! (‘(dhictor is (‘<)nt«‘ut to (^xpcMiineui first, with v(u-y small Ciiianiities and learn 
th(‘ pnicticid iVHult. 


STRUCTURE. Alu.shrooms aro panisitic or Btiprophyiic iuid con- 
tain no chloropliyl. Hdic' iriiiunierabk^ st^phiRi ilinnuls {h'lj'phiv)^ which 
run through tiu^ .soil or host, comt^ to the surface (with vioy f(‘w (‘xcc^p- 
t.ion.s, !is for (‘Xiunpk* truffles) forniing th(i fk^shy boclicis, known in com- 
iiioii parlances as mushrooms, which difk^r gn^titly in foriti tirid color with 
tlie sp(M*i(‘.s hut in all cases function as th(^ bcuinu's of spores. The 
riia.s.s of hyphie is knowm colk‘ctiv(dy as 'niycdiuvi. d'hc food value is 
larg(dy in these threads, for, although the minute spores arc borne in 


1 Yearbook IJ. S. Dept. Agr. 1897, p. 470, 
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enormous numbers, they form a comparatively Binall fwrtion of the bulk 
of the edible part. 

Although the gross appearance sufhceB in collecting inuBhromnB for 
the table, microscopic examination is in(iisiKTisal)Ie in Htiulyiiig their 
reproduction, in settling certain points in claHsificatlon, and in the diag- 
nosis of finely divided material 

CLASSIFICATION. — The species most commonly gatheml or 
found on the market are best understood by the following claKHification : 

I. Amomycdm Spores borne within sacs (asci). 

1 . Discomycetesi Asci borne on outer surface of open fmetifieatiow. 

Mordfi (Mm€heUa^ei(*.) 

2. Tuleracear. Asciliome within subterranean tiilxirous fniotifimtions. 

Truffles {Tulmt, etc.) 

II. Basidiomyceies: Spores borne on the surface of sites (hasidia); umudly 4 ajaws 

to each basidium. 

1 . Ifymemmyceies: 

A. Clmamm: Basidia borne on the surface of branches. 

Coral Mushrooms {Chmria, elc.) 

B. Hydneir. Basidia home on spine-like projections. 

, Spiny MuHhr(H)rns (liifflnum) 

C. Pohjpores : Basidia borne on the surface of ptuea or tub«<. 

Tube-bearing Mushrooms (BoiduM, FuiuUna, etc.) 

D. Agaricinea': Basidia home on radiitlly arranged lamella* (kHIs). 

Gill Mushrcjorns iAgaricm, Caprtnun, cfc.) 

2. Oastermiycetes: Basidia home within dosed fructifications. 

FufFballs {Lymperdm, Cak^tiia, i*U\) 

CHEMICAL COMPOSITION.-"! Vo KuhHlanccH of special inlcrcBt 
in edible inuHhrooniH are u/ra an<l the carhohy<lrak! trehilmc. Mus- 
carine, (VJliaNO. or ((1f:0:j N : ((IlOCdl.d di( ), the nldchy ’ of 
choline, is an alkaloid occurring only in poi.sonoths 

Urea, (,’0(NIl2)2, the wcdl-knowri coiLstiluoni of uriiic^, occurs in 
various Hi)ocif‘H of gill inushrooiiis, which see. 

Trehalose or iini.shrooui sugar, b i + 2 H 2 O, is widely <li.strib- 

uted in fungi, pa.rt.ieuhirly various; species of U ijmefiumyreirs. Tlie pure 
Hubstance forms rhombic crystals of a sweet lash^, ni(*ltiiig ui 97 
readily soluble in water, much le.ss so in alcohol (100 parts of hut alco- 
hol). The specific rotation of the anhy<lrous substiinco is about -f 197 \ 
It does not reduct" Fehling solution and is not alttu'cd by the* cumnion 
enzymes hut is hydrolyxeal by trehalase pre^seuil in certain fungi and witli 
diffictilty by boiling with dilute acid. 

The trehalose of mushrooms, after gathering and (‘.specially dtiriiig 
<lrying, is conv(‘rted to a greater or less<‘r extent into nauuiitc. 
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iPisccmycetes) 

Fr. M Grilles. It. Spugnolo. Ger. Mordieln. 

The morels, sometimes known as sponge mushrooms, appear early 
ia the Spring and are widely distributed, occurring often in orchards or 
hurned-over wood land. Morchella esculenia Pers. and M. oonica Pers. 
are probably the best known, though other species are much esteemed. 

MACROSCOPIC STRUCTURE (Pig. 1).— The thick ^talh bears a 
more or less globular, cluh-shaped, or conical head, with a coarsely 
reticulated-indented exterior. 



Fig. 1. 

Fig. 1 . — Morel, 

Fifj. 2. — Morel. Hetttion of hyiiifini 
p paraphysis. > 



X%. (K.B.W.) 

iiin sIiGwing a astti with Hpore.s, and 
: 160. (K.B.W.) 


MICROSCOPIC STRUCTURE (Fig. 2).— The hymenium,, lining the 
indentations of the head, consists of closely packed club-shaped a.sa (g), 
each usually containing 8 oval spores. Interspersed with the asci are 
smaller sterile elongated bodies called paraphi/ses (p). 

CHEMICAL COMPOSITION.— A single analysis of M. esculenia 
by Fizzi ^ and two at different stages of maturity by Mondcd- follow: 

^ Staz. sper. agr. ital. 1889, 17, 1G7. 

2 Arn. J. Physiol. 1898,1, 225. 
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Composition of MoREiii 



Water 

Protein 

Protein, 

pure 

Pat 

N-f. ext. 

1 

Anh 


% 

% 

% 

% 

V/ 

/O 

r,'' 

. (i ! 

(1* 

,( 

Pizzi 

89,07 

3.59 

2.39 

0,27 

5.73 1 

i .34 

Mendel: 
Immature. . . 

91.24 

2.93 


D,f)5 

3.15 

o,a'3 

I .19 

Mature 

89.54 

3.05 

2.28 

0.60 

4M) * 

0,42 



* Holublc carbohydratfift mlculateil aadoxtrottc l.OO';, . 


Mineral Coastitueiats.-"The following analysis of the criule anh of 
M, esculenta, containing 1.41 per cent of charcoal, is by Fi7;55i:^ 


JW 

Na,0 CaO 

MgO 

At/)3 

PaOi KiO, Cl 

20.22 

7.84 3.92 

la 

2,40 

3.12 

22, K2 8.52 0.27 H 31 2 42 


I.oc. <'it. 



TRUFFLES 


{Tuleracese) 

Fr. Tmffes. It. Tartufi. Ger. Triiffeln. 

TKirFPLE.s are saprophytic and entirely subterranean, growing in 
p]tirope commonly in the open woods. They are very aromatic. The 
black or P6rigord truffle {Tuher melanospermtim Vitt.) is the choicest 
species and the one most frequently found on the market. Other species 
are less aromatic, while so-called white truffles {Choironyces meandri- 
formu Vitt., Tuler albwn Sow., and T. magnatiirn Pico) and false truffles 
(Sdewdenm sp.) are markedly inferior. 


/ 

pKi. 3. Fio. 4. 

Pk;., lilacp U'riifit*. / vvhoh*, // ]<indtu(Iinii,I X Vi- ( K.B.W.) 

Fi(i. 4. — liliU'k q’l'ultic. Srciioii iif hyiiiciiiuiii .showing a ii.sci with si)or(',s. X IGO. 

(KJi.VV.) 

MACROSCOPIC STRIJCTIJRE (Fig. 3). - I^he luhrr of the black 
1ruffl(‘ i.s v(‘ry dark in color and \va.r(y on the' surfaces (1 j. A longitndinal 
s<‘ction (11) shows I hat dj(‘ dark color perm(‘at(‘s ail the tissiUNs, that 
lli(‘re i.s an opening at tlu‘ bas(^, arid tiia.t Jiir passages occur li(he aaid 
t thr’ough tiii^ t uher. 

MICROSCOPIC STRUCTURE (Fig. 4). TIk^ hym.enium lining the 
:iir pas.sages bf^ii’s rouiuhal s(,alk(‘(l o.sr/ (c), each usuatly with four oval, 
spiny, and dai'k-eolorod .syio/r-s*. d'h(* hnigl h of the sporc's vari(‘s soirie- 
wlnai w'ith the sp(‘ei(‘.s, rcaicliing -Ih g in black tnifHes, a,n<l in soin(^ sjx^cie.s 
the spiiK\s an‘ r^'plaeed liy ndiculat Joins. 

Falck' gives illustra tion.s showing tb(^ sponas of true! and false truffles. 

• Z. Fzit<*r.s. N;ihr.-(l(!iiu.ssm. 1011, 21, 209. 
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CHEMICAL COMPOSITION, — Black or true P6rigord truffles 
(T. melanos'poTum Vitt.) and white truffles {T, m(igmium Pico.), as 
analyzed by Pizzi, ^ contained as follows: 


Composition of Tboffijis (Rzzi) 



Water 

Protein 

Protein, 

pure 

Fat 

N-f. ext* 

Afih 


% 

% 

% 

% 

<f)/ 

hi 


Black i 

74.95 

8.85 

6.23 

0,33 

13.78 

2,00 

White ^ 

78.59 

8.63 

6.04 

0,47 

10.01 

i.m 


**• Inoludeii fjl>er. 


Mineral Constituents. — Pizzi’a analyses of Hie cnide ash of black 
and white truffles follow ; 

K,0 Na,Oi CaO MgO AI,0, SO,|.Si(),| Cl iSanil CO,| 


Black 2S.0!) 9.13 1.4()| 2. IK) 2,2.5 5 .28|34.fi5|3.01 1.31 trace fi.lK:!,4H|: 
White 215,. Wi 1.4!) 1.77 2.17 2. .53, (1 .KS 3.3, 1814, )8|l .00 0,73 I.17|2 47 


■Staz. K|)IT. nur. itiil. 1889, 16,737; 1X89, 17, 1. 



COMMON MUSHROOMS 

{Hymencmycetes) 


Thih group, here arbitrarily designated common mushrooms/' 
includes the greatest number of edible species. As shown in the scheme 
given above, it is divided into four sub-groups, a representative of each 
of which is illustrated in 'Fig. 5. The general characters of the four 
sub-groups are described in the following sections. 

All the species bear elongated basidia with sterigmata and spores at 
the tip. 

I. CORAL MUSHROOMS 

(Clavanese) 

Ger. Hirschschwamm. 

Coral iniish rooms, appropriately named, are found in moist woods 
of both continents, often forming large masses. A few members of 
the n(^xt section {llydnes?) resemble coral, but the term generally refers 
only to species of Clavariese. 

MACROSCOPIC STRUCTURE (Fig. 5, I). — Irregular masses more 
or less profusely branched bear the spores on the ends of the smooth 
branrhes. 

MICROSCOPIC STRUCTURE.— See Gill Mushrooms. 

CHEMICAI COMPOSITION.— Von Locseckoi and Siegel^ both 
(}U()t<‘fl by gi vo analyses of red coral mushroom (Clavariahotrytis 

Pern.) and (dried?) yellow coral mushroom (C. fiava Pers.) respectively 
as follows: 


COMI'OHITION OF CoKAI. IMtJSII ROOMS 



Watc‘r 

Protei 11 

Fat 

N-f. ext. 

1 

Fiber 

Ash 

Red 

Y'ellow' 

% 

89.35 

21 .43 

% 

1 .31 
19.19 

% 

0.29 

1.67 

% 

7.66 

1 47.00 * 

1 

% 

0.73 

5,45 

% 

0.66 

6.26 


* Mannite 6.13%. 

1 Arcli. Pharm. 1876 [3], 9, 133. 

2 Oekonom. Forisebr. 1871, 38. 

^ CberD. mensch. Nahr.-Genuasm., Berlin, 1903, 1, Sit. 
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11. SPINY MUSHPOOMS 

{liijdneir) 

Ger, Stoppolschwaiiini . 

Spiny nnishrooioH are coininori in the woods, C'speeially In Aufuinn. 
llydmm repandwnilj, fayorit-cG)!)!}! in }0urojK‘an(i the United Siateg. 

' MACROSCOPIC STRUCTURE.- Alihougli inostof I lu‘HpfdeH have 
a iruo .stalk and rup (pilous) on Uio undcT dde of which are pendent 
spines (Fis. 5, II), others are irregular in outline with €>r without a stalk 
and in a few cases resemble coral. The spf>res are lK)rne on the spines. 

MICROSCOPIC STRUCTURE.- See Gill iVIuHhr(K>in8. 

CHEMICAL COMPOSITION.— The only available analyses are 
3 by PahU sumrnarized below: 


CoMFOHiTioN OK Ifijditvm viffiintium (Pahl) 



Wilier 

Protf'iri 


id 

('! 

JU 

Min 


n.n 

Max 

nf).()7 

3 , Kfi 

A ver 

92 68 ' 

1.79 


Fat 

N-f. ext . 

FilMT 

Ash 

0 .20 ' 


0 24 • 

(L4-1 

0,27) ' 


1 {)K * 

1 12 

0 23 ' 

2 76' 

0 69* 

0 69 


' 1.' iiiialyHi'H. t SuKiir () IM' . } .‘^ii 

III. TUBE-BEARING MUSHROOMS 


Th(i tub('”l)eariiig iiiushrooms grow in fifdds luid woods, 'llio eop(‘ 
(HolcfuH ('(InHs Hull.) is colieoted in larg(^ (jimnlilie.s in Uiirope ami is 
sold fresh and oiiined. 

MACROSCOPIC STRUCTURE. I'lx* sj)orH*s o(*('urrinK ujo.hI fro- 
(pieiit ly h.avc a ro/j (pik-usj (h'ig. b, III) Ix'nringou the iindta'side iiuiimt- 
oiis lubias or pores will] cIo.sfMl iniif*]’ ami (>p<‘n outer ends. On hroakiiiK 
.apart t lK^eat), tiif‘ color in . some* spt'cic's change's ahniplly and markedly. 
Th(i " hf'cf-.sle.ak fungus (Fi.shilinir krpafira h'riias;, one of tin- slnlkless 
l)r<‘ick(*l forms growing on tre(^ trunks, is much (‘sti'cnied in !)otli 
.and America . 

MICROSCOPIC STRUCTURE. See Gill .\ luslumoms. 


' Land for, Akad. llaiiKlinK- 'I'idakr. 1K78, ‘12; Kfinig: C'-hcni, 
Herliu, 11KJ3, 1, 814. 


Kalir.- 
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CHEMICAL COMPOSITION. — Analyses of Boletus edulis by 
Stxohmer ^ and Stahl-Schroder^ and one analysis of Polyporus sulphureus 
by Mendel’^ follow: 

CoMPOKiTioN OP Tube-Bearing Mushrooms 



lyater 

Pro- 

tein 

Pro- 

tein, 

pure 

Fat 

N-f. 

ext. 

Man- 

nite, 

dex- 

trose, 

etc. 

Starch 

Tiber 

Ash 


% 

% 

% 

% 

% 

% 

% 

% 

% 

Bcletm: 










Btrohmer i 

90 .06 

2.93* 

2.30 

0.51t 

0.49 

4.72 

2.04 

2.45 

1.15 

0.63t 

1.46 

3tah l-Bohrckier 

84.19 

7.48 

4.41 

5.51 

0.88 

Pdyporus: 



Mendel 

70.80 

6.0€ 

4.07 

0.93 

19.26 

3.56§ 

.... 

0.88 

2.13 


* Anrimonia aiidno acidn 0.34%, acid amides 0.56%. t Neutral fat 0.22%, free fatty 

acids Q.2^%. t €.16%. & Soluble carbohydrates. 


Compared with the stem on the dry basis^ Strohmer^ found that 
the cap contained about twice as much protein, one and one-half as 
much fat, four times as much ash, one and one-half as much phosphoric 
acid l)ut a little less fiber. 

Winierstein and Reuter'^ state that the composition of Boletus edulis 
is approximately: water 10 percent; ether extract 4 per cent, contain- 
ing fat 3.2 and cholesterol 0.5 per cent; alcohol extract 12 per cent, con- 
taining trehalose 3 percent, sugars, lecithin, bases, purine bodies, amino 
acids, etc., 9 per cent; water extract 28 per cent, containing glycogen 
from viscosin 5 per cent- and sugar, purines, liases, amino acids, ash, 
etc., 23 per cent; r(\sidue 46 per cent, containing protein 30 per cent, 
amorphous earhohyilrates (paraisodextranc) 10 per cent, and chitin 
6 per cent; all on the air-dry basis. 

"Winter was shown by Bahalitschka and Riesenberg'* to extract 6,7 
per cent of the 14.8 per cent of dry matter and half of the 5.22 per cent 
of total nitrogenous inaiter. This loss is unnecessary since Boletus, 
unlike sp(‘cies of LaeUiriNs iind Ilelvella esculentUf contains no poisonous 
matter removed by boiling. 

^Aroh. Hyg. 6, 322. 

^Selsk. Khoz. i Lyf‘S(>v. 1807, 184,437. 

3 Am. J. Physiol. 1K<)S, 1, 225. 

^Cenfr. Bakt. Panwinlenk. 1912, 11, 34 , 566. 

** Ber. pharm. Ges. 1923, 33 , 12. 
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Proteins.— From the proteins Winterstein and Hcniler* split ofT 
glycocoll, alanine, valine, leucine, aspartic acid, | 2 ;lutainie acid, phenyl- 
alanine, and proline. 

Amino Acids and Nitrogenous Bases. — The abov('-naine<I authors 
found in extracts of both fresh and dried mushrooms, made with various 
solvents, the following: trimethylMsiidim, adenine, siiiall funounts of 
guanine and hypoxanthine, traces of leucdne and phenijlnhininsy ielra- 
methylendiamine, ammonia, and trimethylamine ; also a base (C id 1 1 §( ) 2 N:i) , 
later ^ idmtified m Mdidine-betaine. From the <lricd fungus, they iso- 
lated 5.2S per cent of '' viskosin'' containing 4.25 percent of nitrogen in 
combination with glycogen, which on hydrolysin yieklcui purine bases 
(xanthine, etc.), but no pentose. After autolysis for several weeks they 
identified putrescine, isoamylamine, and trimcthylhistidinc. 




Fia. 




Fkj. f). 


t’KJ. f). — HyinciioinyccirniN MiislirofjniH. / rdj’jil iim.slirauin; // 

/// IV fu‘](i miif-hroDin. X tlj. (RMLW*.) 

6.--'Fif‘]d Mushroom. 1 gill in rroK'i sfulioti. / IfK). // portion of hyiju niinu 
nhowiiiff 6ba.si<liiiiii with ,s .sltTigunita aii<l sp Hiiori'S, r ry.st iiiium, urid ]) ji:ir:iitlivNiK. 

X480. (K.B.W.) 


Yoshirnura'^ found in air-dry Boldu.n crluliii adenine 0.012, 

0.014, and iriniethylaniinc 0.015 per cent, luit no arginin(‘ or choline. 

Color Reactions.- According to \'an dcr Ven,'^ the hluf‘ color formed 
when Boletua cyaneHcens is broken Ls due to tlu* action of the oxiduse 

^ Loc. cit. 

^ Z. physiol. Chorn. 1918, 86, 234. 

* Z. llnlcrs. Nahr.-Gcnuflsm. 1010, 20, 153. 

* Chera. Weekblad. 1915, 12, 247. 
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Uwmse on irniscarine. Sarto ly and BeitrancU have studied the colors 
foimcd in ot her species of Boletus by ammonia with the view of aiding 
in their identification. 

En 25 nnes,— »^ee C.'olor Reactions above. 

Mineral Constituents. — The following analysis (recalculated) of 
the pure ash of B. edulis is by Stahl-Schrbder:^ potash and soda 49.83, 
lime 3.86, magnesia 2.38, ferric and manganic oxides and alumina 2.15, 
phosphoric acid 24.74, sulphuric acid 14.68, and silica 0.57 per cent. 
The cnidc ash contained 2.29 per cent of carbon dioxide. 

Minor Mineral Constituents. Ziyic.—WhoU 5.1 mg. per kilo, fresh basis 
(Bertrand and Benzon).® 


IV. GILL MUSHROOMS 

(Agaricimie) 

Th(; r)r)(‘adow or field niuahrooin {Agaricm aimpestris L. = Psalliota 
('(impcatrfii L.) h the species most commonly collected in the late Sum- 
mer or Fall in grassy places, especially horse pastures. It is also grown 
(‘xtensively for the market on stable manure in cellars, abandoned mines, 
and special houses. Other gilLbearing mushrooms of the genus Agaricus; 
as w<dl as of rmany other genera, are collected by enthusiasts in fields and 
forests, some l)eing of thc^ unihrella type and others more or less brack- 
eted. (h'rtain beautiful but deadly poisonous species of Amanita and 
other genera belong to t his seetton which not only the collector but also 
the purclias(*r must learn to distinguish from the edible species. 

MACROSCOPIC STRUCTURE.- The true field mushroom is shown 
in Fig. 5, I\'. It first comes tliroiigh the ground as a little globular 
“ button,” hut iis the cop fpileus) expands the delicate veil covering its 
low(‘r part brejtks, baiviiiga riuej (annulus) around the stalk and exposing 
the pinkish gills radiating from the stalk. The ring should not be con- 
fused with 1h(‘ rolruj a iuoitm)!* le.ss developed cup-like structure at the 
base of the stalk, b(‘ing especially well developed in poisonous species 
of Amoiiifii. 

MICROSCOPIC STRUCTURE (Fig. ^)-A(j(iricus may be taken 
as tbetyi)e not. only for the gill-hearing group but also for all Uymmomy- 
ceteS) a.s the ditlcTcaica^s an^ not in the general shape of the spore-bearing 
basidia. Although s(‘c1ions show somewhat different arrangement of 
hyphsc in different speeies, the individual strands all consist of simple 


’ Corapt. rend. hoc. biol. 1914, 76, 3G3. 
® Ix)C. ('it. 

® Bid. soc. hyg. aliment. 1928, 16, 457. 
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threads with occasioniil cross walls, these latter })ecoiijinji; nior(* iiuriier- 
ous in the hymmium, where the bamdia (b) witii tlieir nceoinpaiiying 
sterile parnphyses [p) and cydidia (o) are forrncHl 1'he hasidia are 
enlarged, elongated, club-shaped cells at the apex of wlheh are i>roduced 
4 slender sterigmaia (s), each bearing a single oval ,sp(fra (up) about H p 
in -length. 

In Ladarim are found special l)ranching liyphal IuIm's containing a 
milky juice. 

CHEMICAL COMPOSITION,- Over half the nutritive matter is 
protein, i-he percent-age being higher in young than in mature* mush- 
rooms and in the head than in the stern. This is evident from tlie fol- 
lowing analyses of field mushrooms made at the Ntnv York State Agri- 
cultural Experiment Station^ and by Zega- in Serbia: 

CoMrOHITlON OF J’iBU) M IJSHKOOMB 



Water 

Protein 

Protein, 

ptiro 

Fat 

\'-f, <.x 


AhIi 



Of 

(\f 

e ' 





/O 

/<) 

/(* 

ii- 




N. Y. Station: 








Mature 

91. St) 

4.83 

2.57 

0,31 

2 

04 

I 02 

Buttonw 

90,;J3 

5.52 

:l2;i 

n.m 



1,15 

Zega: 








Large 








Head ((>9 f^.) 

‘K).72 

5,84 


0 34 

1 52 

0 71 

1} 77 

Stern (IJO k- ) 

sn.si 

5. 12 


0 21 

4 K2 

1 (K) 

0 04 

Whole (IK)jr-) 

!H).74 

4 , 92 


0.25 


0 84 

0 59 

Mcdiuni 








Head (IOk-) 

■ KH, 15 

7,:i{) 


0 20 

2 77 

0,8.5 

0 7:{ 

SK^rn (24 K.) 

S7. 12 

(>.:u 


0 12 

4 71 

0 87 

0 K1 

Whole (.55 k.) 

91 . S7 

4,:u 


0 23 

2 15 

0,8H 

0 55 

Small 








Whole (IHk.) 

SH. 12 

7.H) 


0 .32 

i :m 2 


0 7.S 


Analys('.s of various American .sp(u’i(\s of gill-bt*ariiig niiisIiro<)!ns by 
d,’* of a dri(‘<l Iniliun spoeu's by IIo<)[)(‘r, * and t>f two sjMU’ies of 
Arnfiniid, said to be }iannl(*s.s after rcuiiov'id of tlic skin, hj L 
follow: 

I Rf'p. 1 894, p. 134. 

= Ohc'rri. Zt^. looo, 24, 285. 

Arri. J. Physiol. 189S, t, 225. 

' Ghorii. N(‘\vh mil 104, 145. 

'' Phariii. Zciitralh. 192{), 67, 09,3. 
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CoMi'OBirioN OF Various Gill Mushrooms 



Water 

Protein 

Protein, 

pure 

Fat 

N-f. 

ext. 

Fiber | 

Ash 


% 

% 

% 

% 

% 

% 


Mendel: 








CaprinnH amiatm 

92.19 

2.82 

0.94 

0.26 

3.17* 

0.58 

0.98 

Fle'uroiU'S oHimtius 

73.70 

3.94 

1.85 

0.84 

17.95t 

1.97 

1.60 

Clyiocyhe mdiicppH 

; 93,49 

2.18 

0.80 

0.39 

2.57 

0.62 

0.75 

Ifyphohmia con doll ean mn 

88.97 

2.96 

1.71 

0.28 

4.94 

1.33 

1.53 

H ooi>er: 








PleuToim crcUiccm 

12.25 

21.25 



..... 

3.06 

8.75t 

Diiring: 








A7nanilaruhenrms Pers. , 

93.85 

2.26 


0.35 


0.69 

0.81 

Amanita spurn PYies, . . . 

93.63 

2.60 


0.28 


0.92 

0.80 


Holublo calculatwl m dextroae 1 .40%. t Soluble calculated as dextrose 4.89%. t Phosphoric 
acid 1 M%. 


Nitrogenous Bases. — Kuischer* isolated from a water extract of 
field iiiushroonus Htnall ainoiints of arginine^ choline, betaine, and what 
appeared 1o bo lii.st idiru^ with three methyl groups added, later shown hy 
VYinferstein nnd Reuter to bn hididme-heiaine (see Bdeius). 

(Lma. - Aeeording to Ivaaov,- amino acids are formed autolytically 
during ripiuiing and before spore formation, then these are changed into 
urea. As a result, of a generous supply of nitrogen, urea may reach 
as high as LI pm’ cent of the dry weight of field mushrooms, equivalent 
to about half of ibf' total nitrogen. 

Ivunov ami Toshfwikova’^ found that urea is formed in the miish- 
rooiji from arginine' naturally presemt and in mushroom juice from 
add(‘<l arginiue. It, is also syntliesized from ammonium carbonate by 
an oxidation proc'css in the living cells of the mushroom, even after 
s(‘))aratioii from thc' luyeelium. Ivanov and Smirnova‘S demonstrated 
that urea in mushrooiiis, like asparagine in higher plants, is formed 
only in \hc piesf*ne<* of oxygen. Salts of ammonia appear to be toxic 
if not (’onvfulcd into urea. 

Fat S7r/o)f.s. Various e<lil)Ie fungi, exa-iuined by Sumi*''’ contained 
0.1 to O.l p(a' ccuil of <‘rgosterol calculated to the dry basis. 

Acids. TIk* genus Larlur/us is c}iaract(uiy.e(l by the presence of 

' yentr. Phyniol. 1010, 23, 775. 

‘ lUoc-hf'ii!. Z H)2:t M3, f>2. 

Ibid. H)27, 181, 1. 

'* Zhiir. u.xptl. Biol. Med. 102a, 11, 79. 

^ Bui. irifii. Phys.-Cheni. Hes. (Tokyo), 1932, 11, 120. 
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lactarinic acid, a 6-ket<)stearic acid (CH;}(CIl 2 )ii€<)((’i! 2 ).|C’ 0 ; 2 H), and 
stearic acid, the latter being the lactaric acid of earlier invc‘HtigiitorB. 

Lactarinic AcAd. — Bougaiilt and CUuiranx^ found in L, umdia^ 
Fr. 2.9, in L. iheiogallusH, 2.3, in L. lilncinm Liiacdu 2.25, in L, miMuin’s 
B. (var. j)ale) 2.15, in A. plumheus B. 2.W, and in L. pyr4>g(dluH H. l.HI) 
per cent. 

Stearic Acid. — The above-named aiithori^ found in L. azmiiten Ib 3, 
in I/, vellereus Fr. L2, in L. cantrovemis Fr. 1,1, an(l in L. delidomiH L. 
0.90 per cent. 

Carbohydrates.—Kxperiments by Tikhomirov* indicate that ghjrrh 
gen formed in the young tissues is convcTtcHl into iwhalmc wlilch in turn 
through the agency of the trchabise of Bourciuelot is converted into 
dextrose. 

Glticosides. — A simple color test for field nuiahrooiiM or LkwIh con- 
taining them, depending on the presence of iridimn^ lias lKM*n deveIofK»d 
by Liairy,*'^ The indican is believed to he fanned from HubstnneCH can- 
tained in the manure in which the mushrooriiH are g^rown. ( )n c[trf»fnlly 
pouring concentrated sulphuric acid over a water extract of the niUHh- 
rooms a deep violet color forms at the juncture, (rreater delicacy is 
secured by using concentrated hydrochloric acid containing a crystal 
of ammonium sulphate. 

Enzymes. — Ivanov, Dodonowa, aii<l THcluistucduri,'*in A. ('(miprsiris, 
identified amylase, maliase, glijcogenmCf praUm.w, and ntialase^ but. lU) 
sucrase, inulase, or urease. Amylase wan much more active* than 
maltase. Lepiota procern and Capri fiu.s radiutuH wvm also Htudirnl. 

Mineral Constituents. The analysis of A. camprstriH {|U(Mc*d l)y 
Xonig appears to be low in phosfdioric acid hut high in Hiilplmric acid. 
The following analysis (recalculated) of the pure u.kIi of A . drliriiKSNs by 
Stahl-Schrckier^* 18 Ixdkwed to represent tlie group heifer: potash and 
soda 58.51, lime 1.35, magnesia 2.11, ferric and manganic <»xidcs and 
alumina 1.20, pbosphorie acid 24.97, .sulpluirie aci<l 2.71, and .*^ilic!i 
0.91 per cent. The amount of soda was clouhth'.Hs trifling, IIh' 
alkalinity of the crude ash is shown by the preseiicf* of ll.l p^-r (*on\ of 
carbon dioxide. 

Minor Mineral Constituents. Iron.- MuKhrofuim 31.4 toKv imt kilo, frwh Imw.m 
(Peterson and Elvehjem).® 

^ J. pharm. chiiri. 1912, 5, G5. 

2Areh. Pharm. 1908, 246, 582. 

‘"Chera. Ztg. U)09, 33, 1251 ; 1910, 34, 340. 

* Fermcntforschurig 3930, 11, 433. 

^ S<‘lak. Kkoz. i. Lyesov. 1 897, 184, 437. 

» J. Biol. Chem. 1928, 78, 215. 
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Aluminum. — Agaricm campesirisj none (Bertrand and L4vy).^ 

Copper . — Muslirooms 17.9 mg. per kilo, fresh basis (Lindow, Elvehjem, and 
Peterson).® 

Zinc . — Whole Agancus 2.8, whole Cavtharellus cibarius Fr. 12.4 ing. per kilo, 
fresh basis (Bertrand and Benzon).^ 

Arsenic . — Mushrooms 0.06 mg. per kilo, fresh basis (Jardin and Astruc).^ 

Iodine . — Three varieties, none (Winterstein).® 


PUFFBALLS 


{GasiercmyceUs) 


Fr. Vesse-dc-loups. It. Vescia. Ger. Eo^ist. 

The puffballs are saprophytic and common everywhere. 

MACROSCOPIC STRUCTURE (Fig. 7). — The fructifications occur 
singly or in clusters and vary greatly in size from that of a small nut to 
a foot or more in diameter, a single specimen of one of the larger forms 
being sufficient for a family. They are globular or elongated with or 
without suggestion of a stalk. They are eaten only when immature, 
firm, and white inside; as maturity approaches the whole interior 
becomes filled with dry, powdery, dark spores which eventually escape 
in clouds as the top opens. 




Fid. 7. 



Fig. 8. 


Fig. 7.~-Puff Ball. X Vz. (K.B.W.) 

Fi<]. 8. — FiifT liiill. S(><‘Uon of hynienium showing 6 basidia, and sp spores. 
X160. (KE.W.) 


MICROSCOPIC STRUCTURE (Fig. 8).— A section through the 
iiiiitiiilure pulTljiiIl sliowH minifying, connoctcil openings lined with tli<! 

^ Bill. «oc. hyK. aliment. 1931, 19, 359. 

2 J. Biol, Cliom. 1929, 82, 465. 

^ Bui. Hoe. liyK- aliment. 1928, 16, 457. 

*C(>mi)t. rend. 1912, 156, 291. 

^ 7 j . phyHiol. Chein. 1918, 104, 64. 
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hymeninm, each of the roim(ie<l ba.si'dta (h) l)C‘ariiij!: usually four iiiiriute, 
rounded, white .sporea {*sp}. It is only when In^ycuid flie edihk* ntage 
that the spores darken. 

CHEMICAL COMPOSITION.- Aaalys(>s of I.pn^pvrthm 
L. by Von Ijoesecktd and by Pahl," both (|uote(i by luuug,-* folbw: 


Composition of LyeoPKKDOK Bovista 



1 Arch. Fbarin. 187(>, 13}, % 133. 

“Laiidthr. Akad. Ihmdliri^. Tidskr. 137S, 42. 

•‘Chern. men«ch. Niihrs-A knuiSHni., HorJin, IlKKi, 1, 8IU. 



ROOT VEGETABLES 

Roots of dicotyledonous plants, which in the state of nature are 
slender and woody, are by selection and breeding so modified as to be 
fleshy and tender. 

MACROSCOPIC SrRUCTURE.-~-The ideal form of the typical 
root consists almost entirely of an enlarged taproot] if for any reason 
this splits up into several branches, the product is inferior because of the 
losses in paring. In f,he sweet potato, vetchling, yam bean, ground nut, 
and ku(hu, thecMiiljle parts are enlargements of the roots known as root 
tubcTs, analogous to true tubers which are enlargments of subterranean 
stcuns. ( Voss sections of roots show various markings, but the cambium 
layer in all is ckuirly evident to the naked eye. This may be near the 
surface (turnip an<l radish) or one-third to one-half the distance from 
tlie surfaca^ to the centvr (carrot and parsnip). In the beet there are a 
mirnhf‘r of caiikbiurn layers forming concentric rings. 

MICROSCOPIC STRUCTURE. —blvccpting the beet, the layers 
are: (1) r(prk of a varijihle number of layers, (2) cortex, varying in thick- 
ness with sp<*cie.s, (3) phloem zone, (4) cambium zone, and (5) xylem 
extending fo the eent(^r of the root. No endD<lenn or demarcation be- 
twe(ui th<‘ (‘orU‘x and phloem is usually evident. 

arraiigenient of the tissues differs from that of aerial and sub- 
terranean (tubers, rhizomes, ami conns) stems in that there is no pith, 
th(^ xylvin (“leiiamts extending to the very center of the root; further- 
more, the v(*.ss<‘ls iire^ mostly of tlie pitied or reticulated typo, whereas 
in edible st(‘ins th<‘y are largely spiral or mod ifi cations of the spiral type. 
The trLUisition from oiic^ type of vessel t.o the other is observable in the 
crown of roots. In th<‘ very young root the fib ro-va, ocular bundles are 
radial, that is xyleni and |)hlocrn strands alternate, biitsoontbc arrange- 
ment cliang(*s to collateral, that is the phloem and xylein of each bundle 
are in the same radial longitudinal plane. 

jMfex lubes lire abundant in t.bc phloem f)f roots of convolvulaceous, 
eainpaiiulaceons, and eoinposite plants. Reserve starch occurs in cer- 
tain gardfui roots, iniilhi in oiln^rs. 

Family characteristics based on the writers' studies, which it is 
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believed will prove of fundaniental iriiijortanef* in of 

the groups, are listed below: 

Chencpoduiceit: Bcverai C(>iu!(‘rit rir. moiauiii zoih-m; Hucrdm* and rchU-d nirlm- 
hydrates, sdso coloring matUT, diaaolvcti in cell Mtp; Hfarch ahHf'iil (c.|c., Ucft). 

Cfucijerm', Bulphiir compounds prasiJiit; atarch may or iiifiy not he prewnt 
(e,g., radish, turnip, horse-radish). 

Leffumiiman sUirch and nionotdinic crystids (in rrystnl tiUw) priwot; ktex 
occurs in ground nut. 

Urribellijerati: volatile oil premit; Ktnreh prewnt tliiring: gro%vin|< mimm^ 
into sugar in Fall or after wintering in thegroiind; chrornujiliwtH in yeiltiw afi«i < 
roots (e.g., carrot, parsnip). 

Couvohulacew,: starch, oxalnto rasetlca, am i latex preK*ni (e.g., ixilaUi). 

CamfMinulmeip: latxix prestmt. 

CcmipmiLr: stii-rch abeent; inulin and iaiex pn*sc»nt (e.g., Milwify, gniit burdock 



ROOTS OF THE GOOSEFOOT FAMILY 

(Chenopodiacese) 

Beet root stands alone ia the family as a root vegetable. Beet 
leaves and spinach have thickened petioles which contribute to their 
value as greens. 

Nitrogen as pure j)roiein makes up about half the total nitrogen of 
beet root. Nitric nitrogen may reach or exceed half the nitrogen as pure 
protein, is the chief constituent. Various other carbohydrates 

arc presen t- 

lEET ROOT 

Beta vvlgaris L. var. crassa Alef. 
hV. Betterave. Sp. Acclga. It. Bietola. Ger. Runkelriibe. 

l)e C'andolle states that the wild form of the beet occurs native 
throughout the .Mediterranean region and southwestern Asia. Food 
plants !ts.sigrie<l to the same species are: (1) Garden Beets, (2) Mangel- 
Wiirzels, (,‘l) Hiigar Beets, and (4) Chard (which see). Foliage beets, 
grown as ornamentals, are v^irietics of the species. 

Roots of the garden beets are of moderate size and are at their best 
when yoiiriig and tender. The plants at an earlier stage, pulled in thin- 
ning out the rows, are used as greens (see Beet Greens). Mangel- 
wiirzfds (mangohls, mangels) and sugar beets grow to enormous size 
and, (‘xec^pt, when young, arc too coarse in texture for human food, but 
both forniH in the succulent state are highly esteemed for cattle feeding 
os an^ also shreckhMl dried sugar beets from which the sugar has been 
('xl ractfid on a commercial scale. 

MACROSCOPIC STRUCTURE.-- Garden beets are commonly deep 
i'cmI but tiiere are also yellow and wliite varieties. M angel- wurzels and 
sugar beets are commonly whitish or yellowish. The shape varies from 
(dongated tapering to flattened top-shaped. When young the form is 
(juite symmetrical but later longitudinal depressions form, large speci- 
men.s being irregular in shape. The surface in the part of the root 
proptir that, rises above the ground is coarsely granular, becoming 
roughened at the base of the leaves; the surface beneath the soil is 
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granular with roatlcts in the cleprensioiiH anti eHi>ecialIy on the long nar- 
row terminal. 

A croKK Bection of a red l)eet (Fig. 9) hIiowh ih(‘ remarkable alternat- 
ing light and dark concentric rings, 'riie liglit rings ct awint of zones 
of bundles, each comisting of pldtHun, cainhiuin, and xylein elements, 
the latter predominating. Bt^parating the light rings in the red \m*i are 
zones rich in deep red cell sap. Growth is due to the* activity, not of a 
single cambium layer, but of m many such layern as thfre ar<‘ light 
rings, and the size of the root is due more to the thick of the zones 
than to their number, 

De Vries ^ discovered that traces from diffenmt rin^ pn«« to tlie 
same leaf. Artschwager^ found that the ring-^lensity eoi'flkient ih an 
intlex of sucrose content except where the number or width of the rings 
shows no correlation. Hoots with hnaid vascular 
zones and high ring-d<*nsit y eiwfTicieni art! usually 
liigh in sugar. A higher nuinl^r cd rings and 
relatively Hinaller con* and first ring areapimrently 
associated with an increase in sugar content. 

MICROSCOPIC STRUCTURE. U* i (»sncr * 
was the first to nn acrurate de.ncript ion of 
tJie histological stnietiw of the rinU, uinl bruy- 
sen ' uml l)e V'ries-’ later studU'd its develop- 
ment as well as its histology. Arfsefiwager'' di*- 
scrihes the structure ami devcdtipiiHuit (»f all tlie 
veg(!tativ<* organs in a copiously illust rated artirh*. 
Among lho.se who hav(‘ .stmlied tls' rclatinn of 
structurf! to sugar content ar«* Geschwirid,’*’ 
IVklo,'^ and Art .sidi wager.'* .Mtudler ' “ and ^'og^ ‘ * 
descrihc! certjua tissue's with ndeTcrut' to the* de*! (sl ion of beet residues 
in (diicory and eotfe'!'. 

Although slarrh doc.s not o(*cur in normal sugar btoUs, F(*kln* *' slate-s 
that cut. or iiijun'd brads show starch heaicath thi* wound. He* Isdbvos 

^ I.!Liidwa Jahrh. 1S7U, 8, 417. 

2 J. Koh. 1 m), 40, HU7. 

’• U’cehn. MikroH., \Vi(‘ii, 1HU7, p. 247; Lopzit;, Is7;{, p, (140 

* Beil i'ag(^ Aim f. u. Knt wickliiri^ dci- Zuckfirutu*, Ilalic, Is77. 

Ivoo. (lit. 

M. Agr. Hch. l<)2t), 33, 143. 

^ Bill. UKH. chilli. HU<T. BK)i, 18, 7H'>. 

()eH(<*r.“lJnf?nr, Z. Zuokcriial. Liiiulw. 1<K)K, 37, 153. 

J, Agr. Uo.M. 40, Kfl7. 

“MikioM. Niihr.-dciiuHKia., Berlin, 1 Aiifi. 1KK(», ji, 200. 

'\Vi(‘hl, N?ihr,-( jCiiuHwrn., B(*rliii, iKUl), ji, .330. 

'“Z. Zufkeriiid. Brihrnoi 114)1), 33, 438. 



Ihn. 9. — Bf‘ct Root. 
(troHH Hcoiion diowiiiif 
riogs; (Jiiior light ring 
iciiily split. y 1. 
(A.h.W.) 
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that its formation maj^ be due to the eon- 
centration of the sugar at such points. 
Ivopuil- Gomolyako * calls attention to 
the presence of oil in the root, particu- 
larly in the peripheral layers and at full 
maturity. He found starch only in roots 
of the mangold type. 

Microchemical examination of theosa- 
zones by Strakosch^ indicates that the 
mesophyl of the leaf pulp contains only 
dextrose which is translocated to the veins 
where levulose first appears, followed by 
the formation of sucrose from the two 
monosaccharides. Finally the sucrose is 
moved to the root. 

CorB. —Several layers of tabular cells 
(Fig. 10, S) form a protective coat much 
ruptured during growth. In surface view 
(Fig. 11, .s/^) the cells are polygonal, iso- 
diametric, or slightly elongated, reaching 
1(K) jLi in their inaximuiii diameter. 

Hypoderm.- ''Phis includes the cells 

of th(^ phellixjint layer ^ forming cork on 
the r>iiU‘r and parenchyma on the inner 
side. Tli(»s(* tissues may also be regarded 
a.s ouUu* c(>rt(‘x. As sliown in cross and 
lorigif iidirial sections, the cidls are tab- 
ular. In surface vit^w (Fig. II, hy) tliey 
are loagitudiiially elorigaf(‘(l, often nearly 
(luadrilalcTal, arraiig(Ml in transv(U'sc 
HMvs. H(‘(l coloring matha* fills the c<;lls 
of this layer as vv(*ll as of the eorti'x. 

Cortex (Fig. 10, G). Fougitiulinal 
s(U!tioris show the transition from tabular 

* Niiuk. Zapiski Tzukrov^)! Prom. 10, 

No. 91; Cheri). A 19;14, 28, 2740. 

■' ( ijiig. 7 j . ZuekeriiKl. 1912 41,224. 

Fi(]. Miifciiifiod oross {^(Mitiou, 

N cork; (! (-(jrlcx; .V' cc'iiinil (primary/) xylciii 
with v(;.sscis (?.xt (.‘iiiling; to carnhiiim ring 

ainl A"'' xylciii f( 0 *iiie<l by eainbiuiii ring.s 
(' iiL*' and ( '/n' . VcHsf'ls foriiKMl hy (^anibiuiii ring 
not well (iitTorentiaied. X 26. (A.L.W.) 
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to isodiametric cdls. line inmor corlax with itH nniiHk‘cl polygonal 
cells correspoinlB to the parenehyina forming the dark zcnieH sepa- 
rating the light-colored buridk^ z()m\s. I’ho coIIh of tin* paiYiidijina 
zones at earlier stages of develojaiaTit , Ixfore tla^y w(‘r(* neparuted from 
the outer cortex by the formation of new hundke zones, were* of corre- 
spondingly Birialler size. Longitudinal sections of young N*(*Ih of table 
size show that the parenchyma ceils not only of the cortex but also of 
the phloem, xylem, and parenchyma zones an^ arrangf'd si«li* hy side in 
radial rows. At that stage both endodonii and pericycli* Itavc* lost tlair 
identity. 

Phloem Rings. — In addition to sieve tubes and eampaniim nils in a 
grotmd 'iKircmhjnKp the adjacent cells of which are ekaigated, licw and 





Ei(]. Hoot, an cork uiitl /<jy hypo with 

Hap in Uiiij'fDl.ial wot ion. /' IfK). (A.L.Wj 
Fi(i. 12. — licfi Root, r riitir-ulalcil, sinti tm unnular vc? 

dinid flocliori. y H5(). (A.L.W.) 


there are pr(‘Kent cells containing a iiuihh of vnphl naud. <hi breaking 
up the rnasscis, the minute individual oxalate {Ty.stals are s«*en In he tri- 
tinguhir or ditimond-shajHai, 

Camhium Rings (Fig. 10, t';/?, nninlxTed in order of format ion t. In 
the bundle rays tiui colls are small; in the medullary rays tlnw an; 
much larger. 

Xylem Rings (Fig. 10, -T, nuinhered to correspond with camtdiiin 

rings). As shown in Fig. 12, the vmels vtiry grcntly in brca<it h (7 to 

lOO jLt), length of joints, and character of tin* thi(‘kening. In addit ion 
to numerous vessels v^uriously reticulatfni (r) or pitted f/;/), occ'asional 
narrow spiral or annular vcs-scLs {(m) occur in tiio root profH‘r. At 
the top, where tlif* root passes into the iif*ck whicdi is morphologically 
s((‘m, the retdculat(‘(l and i)itt,e<i vessels pass inU) spiral-n‘tieulated or 
tni(^ si)iral forms, often r<‘acliing (>() g in hrciadtii. 
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VosbcIh are particularly abundant and varied in character in the 
light-colored core (Fig. 9), which consists of the primary diarch bundle, 
the primary medullary rays, and the later-formed xylem and medullary 
rays up to the first dark red zone consisting entirely of parenchyma. 

Fibers, some broad (up to OTcr 50 ii), others narrow (less than 10 fx), 
approaching bast fibers in appearance, accompany the vessels of mature 
beets, particularly sugar l)eets and mangel-wurzels, but are not notice- 
able in garden Ixicts at the edible stage. They reach 1 mm. or more in 
length and have thin walls and diagonal pores. 

Medulhry rays separate the individual bundles of the bundle 
zones. 

Parenchyma Zones.—- In the red beet the cells of these zones for the 
most part contain a deep red sap while in colorless or yellow beets they 
are recognized by a shade somewhat different from that of the bundle 
zones. As was noted by Droysen, the tissue grows by cell division, not 
only in the cambium layer but also in parts remote from that layer. 
Me<lullary rays are not clearly evident. The sticrose of the beet is 
located mostly in the sap of this parenchyma, hence high sugar produc- 
tion is associated with its robust development, a point of great signifi- 
cance. Sodium hydroxide solution added to a section changes the red 
coloring matter first to blue-red and then to golden yellow. 

Chief Bteuctijiial CHAEAOTEas.— Boot tapering or top-shaped, 
roiif(hened or granular on surface. Cross sections show alternate dark 
and light zone's. 

In surface vii^w, cork cells large, polygonal, hypoderm cells polyg- 
onal, apf iroaching (juiidri hit oral. Cortex and parenchyma zones (usu- 
ally dark rf'd) of eells in radial rows as seen in longitudinal section; 
bundles zorif's (light.) several, each with a cambium layer. Tessels up to 
100 mostly |)it {ed or reticulated, often with wide meshes; broad 
si)iral v'f'.sRids only at t.op near leaf bases. 

CHEMICAL COMPOSITION. - Garden beets grown for the table 
and iiiang('l-\viirzc‘Is grown for stock feeding, although distinctly sweet, 
contain much k*.ss sucrose than .sugar beets scientifically bred for sugar 
profluction. The American analyses summarized below from Jenkins 
and Winton's ( h>mpilaiic}n ^ were made when beet-sugar production in 
the United States was in its infancy. 

Nuirnuous dotiuminations of solids and sucrose in American sugar 
beets, reported l)y \Viley,“ show, in some states at least, a sugar content 
comparing favorably with that of the European product as is indicated 
by the range of the averages by states given below. The percentages of 

^U. B. Eept. Agr., Ofi. Exp. Sta. 1802, Bui. 11 

*0. S. Dept. Agr., l>iv. Chem. 1891, Bui. 33; 1892, Bui. 36. 



52 


YKGKTABLKS 


(•OMPOHITIDN OF AmKHU'AN BkKTB 


Siimplt's 


( Jardcn lieotH: 

Min 

Max 

Avnr 

Min 

Max 

Avnr 

Bagar bectn: 

Min 

Max 

Avnr 


<S 


<) 


H) 


Water 

ProftMii 

lilt 

r* 

r' 



. { 

-f 


111 

0 (ii; 

92 It; 

1.78 

0 23 

88 47 

1.63 

0 14 

St). 92 

1.02 

0 m 

94 41 

l.HO 

0 51 

SO . 86 

139 

0.16 

80,47 

1 12 

0 (If) 

90. 7t) 

8, ir, 

0,22 

86.50 

1 76 

0.10 


M-f. ('XI, 

f ■ • 

Fil»cr 

t 

1 Adi 

< 

8,84 

t ' 

1 0 <»! i 

0 74 

1 1 2t; 

I 09 

1 38 

7.U 

0 88 

1 04 

2 40 

0 fiO i 

0 K2 

8.07 

1 25 ; 

I 3li 

6 68 

0 87 

1 06 

frO? 

0 04 i 

0 42 

18 58 

I 20 

1 45 

9.89 

0 88 ' 

0 88 


HUgar fijivpii in tlu^ labh am I hose in llu* hrat ; calrulati^d In Ilia Juiaa 
iboy ura about 5 par coui hij^har. 


1891 
Min . 
Max . 
I89‘J 
Min. 
Max , 


Nuinbcr of 
states 

Nuf liber of ! 

1 

K rowers j 



80 

1 225 

10 01 

( , 87 


i a: 

20 17 

17 21) 

29 

j ''ll 

12 in 

S 1 1'. » 


! • • ■ ; 

20 no 

15 92 


In lH()i l!i(‘ showing fli(‘ av(‘raa;(‘ cnntnut of tidlb ^ilnl.s 

and su(‘ros<‘ was Xavada ; tli(‘ st alo sli<)\viuj[!; tlia lovM'Nt ronfaiM of Mili(i> 
was Naw J(‘rs(‘y, and tla^ lowast conlfait of siiarosc was < iklafnai la . In 
1892, ( '{iliforiiia Ina'ts had tli(‘ bigbi*st conNail of sniids hiif Noiadn 
haots again laid da* highasi sucrosf' corilcul whila Kantiicky and Marv- 
land b(M‘1s r(‘sp(*(‘f iv(dy had tin* lowast contont of .solid.s and suci’(»h', 
( lanrraliza lions shonld not h<‘ hascai on lh(‘so figure's sinai' in ui-nrly all 
instanms thoy r<‘pr(‘S(*iit only a few growers. \\'isf*onsin heats, rapio* 
sonled l>y 402 growers in IHDl, contaiiifai on the average irolia par 
ccaii of solids and 11.05 per rant of suarose, and Iowa beads, r(»pra- 
sontf'd hy 214 growers during the same* year, eontaine'd Ifl.d'J per evnt 
of solids and 1 1.82 per €(‘nt of sucrose. 
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Bi^terminaiioiis nuidc by Pitsch ^ on Yellow Globe, Golden Tankard, 
and Fodder Sugar Beets, grown on the same field, gave on the dry basis 
respectively: protein 7.69, 8.75, 7.50; fat 0.4S, 0.58, 0.70; nitrogen-free 
extract 79.11, 77.15, 78.61 ; sucrose 58.73, 60.17, 64.82; fiber 6.67, 6.33, 
6.70; ash 8.12, 7.36, 7.74; protein nitrogen 0.57, 0.65, 0.64; nitric 
nitrogen 0.33, 0.08, 0.20; other nitrogen 0.33, 0.67, 0.36; total nitrogen 
1.23, 1.40, 1.20 per cent. 

The general nature of the water-insoluble substances contained in 
the beet is shown by an analysis by Street ^ of the dried pulp used for 
stock feeding as follows: water 9.86, protein 6.94, fats, waxes, resins, 
colors 1.89, reducing sugars as dextrose 1.21, invert sugar as sucrose 
7.10, araban 19.61, galactan 8.30, pectin 2.17, parapectin 6.90, hemicel- 
lulose (includes galactan) 16.16, cellulose 11.32, lignin acids 6.99, lignin 
6.21, organic acids 5.23, tannin 0.12, ash 4.08, undetermined 0.73. Six 
different modifications of araban and not less than three of galactan 
were identified. 

Influence of Heredity and Season on Composition.— Analyses by 
Shutt'^ of two well-marked varieties of mangels, grown side by side for 
1 1 years, show the composition as influenced by heredity and seasonal 
environment, a summary of the results being as follows: Gate Post, 
solids 9.41 to 13.90, aver. 11.96, sucrose in juice 4.15 to 9.39, aver. 6.47; 
Giant Yellow Globe, solids 7.80 to 12.73, aver. 9.93, sucrose in juice 
2.64 to 6.45, aver. 4.79 per cent. 

Influence of Locality on Composition. — The variation in composition 
atfribu{fd)Ie to })lace of growth is well illustrated by analyses by Shutt^ 
of sugar l>eetK of 3 variet ies grown during the year 1910 in different sec- 
tions of the Dominion of Ctana<la, extending from the Atlantic to the 
Pacific, and repn'siuiling widely <lifferent conditions of soil, elevation, 
atinospherf‘, and tiunperature. The range of solids was Vilinorin Im- 
proved 17.37 to 21.89, Klein Wanzielien 16.63 to 22.09, Tros Riche 
15.40 to 22.19; the lungc' of sucrose was Vilinorin Improved 13.40 to 
19.92, Klein Ydinzleben 12.94 to 20.08, Tres Kiche 11.73 to 17.55 per 
cc'nt. 

Camposition of Different Parts of the Root.- The sugar content is 
greate.si midway betw(‘f'n the lip and the lower end and in the inner 
portion of the root. Small heeds contain higher porcent.ages of sugar 
than large oije.s. Milne, Jon(*s, and Willcox’'’ note that the crown is 

’ T^'indw. . 18(1*2, 21, 171. 

* N(!W ,IfTH(‘y Kxp. 8ta. Hpp- 1906, p. 39- 
Cjin. i\gr., Doni.CIiem. 1911, p. 1 7G. 

^ Lor*, fit. 

^ ,1. Soo. Chcra. Ind. K01, 60, 155T. 
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poorer in sugar but richer in nitrogen, filn^r, and iwli t han the mnaiiider 
of the root; also that a green colonituni on the exposed part Ib iiBHCKdalfni 
with a slight decreiiHe in sugar. 

Influence of Culture on Composition. Fagan and ’Whitkin* found 
that when sown early the roots of 4 out of 5 varieiies of mange is 
examined contained lower percentages of dry matter and lower per- 
centages of sugar and protein in the dry matter than when sown 
later. 

Influence of Fertilizers on Composition, Many ex{X‘rinieiitH tiave 
Ixien. carried out along this line. Result, s l>y Idigan and Wat kin* hIiow 
that nitrogenous fertilizers increase the pereentagif* of pndcdii in liic* dry 
matter, ammonium salts reduce the p<‘rcentage of dry matter and sugar 
in the root, and potassium salts narrow tlie niiio of true to crude pro- 
tein. By the application of 40 per cent pohisli sallH and kainite, 
Decoiix*'^ increased the sugar content several f>er cent without ap|>re€i- 
ably increasing the saline fpiotient of tlie juice. 

Changes in Composition During Storage. According to bVigaii and 
Watkin/ when mangels are stored in heaj)Bthc iMTceutugeof dry nudter 
and sugars decreases wliik‘ that of imdein increas<^s. 

Milne, Jones, and Wdllcox'* found that storngc in lifuips fc»r Iwo 
months reduced the sucroBe content 2.5 percent, 

Harwood and Martin^’ record an increase in reducing .sugars iri man- 
gels from 0.17 on Decerulx^r If) to I.tW) ixTcenton March 12 with corre- 
sponding decrease of solids and Bn<To.s{\ 

Nitrogen Distribution. Halboni and Valli" found in frc.'^hly .Hlici-d 
sugar l>eets (cosset tes): total Ntb241, nitric N D.fHKi, albuminoUB 
IN 0, 086, amide and ammonia N 0.087, and hariufur’ N 0.1 15 fMT tent. 
They also give results on the various juices and pulp.s of the proc’css of 
rnanufact.ure. 

Proteins. \5> data on the nature of tlio pnUeins of 1 h’i»I root ari‘ 
available'. 

Amino Acids, Among the sul>.stane(‘s hhuitified in niolas.'^os hy \’(»u 
Li})[)iiiann,^ Koine if not. all of which are deccunpo.sitiori prudm-fs formcMl 
during the manufacture of h(‘et sugar, are (jluUimic an'ii, (t.spitiiic arifl, 
and arginine. Srnolenski found rK> tyrosine or Ivsine. 

' Welsh .]. Ajrr. 192?^, 4, 102. 

2 lx')c. dt. 

^ Krniihr. Pflanze I9S2, 28, 1 17. 

'* Loc. dt. 

^ JjOc. dt. 

.]. Boiitli- Eastern Agr. Col. W'ye, 1D2S, 25, 200. 

^ Iri<l . sacoar. ital. H)30, 2a, 52H; Faeta .\kHii Hugar 1931, 26, 22!. 

® Pul. am. chim. suer. dist. 1897, li, 591, 819. 
ver. deut. Zuckerind. 1912, 62, 791. 
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Purines. — Von Lippmann^ also reported the presence of the follow- 
ing piirire bases: xanthine^ gmniney ky^poxaTithim, adenine, and carnine. 
According to Smolensk!,^ allantoinej a substance related to the purines, 
is a normal constituent of Russian beets. In the juice he found 0.005 
per cent. 

Nitrates. — Like turnips and various other roots, beets contain 
nitric acid believed to bo combined with potash as saltpeter (potassium 
nitrate). 

Continuing the experiments of H. and E. Schube,^ E. Schulze^ 
obtained the following percentages: ‘fodder beets, protein 5.44 to 11.54 
diy basis and 0.55 to 1.21 fresh basis, N 2 O 6 0.37 to 3.13 dry basis and 
0.043 to 0.285 fresh basis; sugar beets, protein 4.88 to 8.56 dry basis 
and 0.83 to 1.24 fresh basis, 1^206 0.76 to 1.09 dry basis and 0.013 to 
0.016 fresh basis. 

See also Pitseh above. 

Choline Bases. — The presence of hetaine has been well established. 
Stanek^' reports 0.95 to 1.20 per cent in the root and 2.62 per cent in the 
leaves. It is particularly abundant in the young leaves and is believed 
to take part in nitrogen metabolism. Smolenski^ found up to 0.2 per 
cent of betaine in Russian beets. Stanek^ in bis method for the deter- 
mination of betaine provides for removal of choline, which he evidently 
believed to be present; Smolensk!, however, found no choline. 

Amides and Other Nitrogenous Substances.— -A sparagme has been 
reported })y Schulze and others. Smolensk!® separated 0.01 per cent of 
jisparagine and 0.005 per cent of allantoinc from the juice of Russian 
beets. In hi.s earlier work^ he identified also glutamine (previously 
defected t)y Schulze) and vernine; in his later paper neither glutamine, 
vernine, tyro.sine, choline, trigonelline, nor lysine could be found in the 
juice then exarriirKul. Fie state.s that the presence of asparagine and 
albintoine and the absemce of gliitaininc appear to be characteristic of 
Russian beet juic(‘, especially in dry seasons, while glutamine is usually 
present in CJennan, Austrian, and French hocts. Vernine, when present, 
ap)|>(‘ar8 to Ije a decomposition product of nucleo-protcin. Von Lipp- 
inann^* mentions guanidine, allantoine, vicine, vernine, vanillin, and 
alkxanihine. 

* Bui. china suer. disi. 14, 061, 810. 

2Z. vcr. <Ieut. Zuckerind. 1912, 62, 701. 

^Landw. Ver8.-Stat. 1867, 9, 434. 

•Ibid. 1872, 16, 170. 

sZ. physiol. Chem. 1911, 72, 402. 

® Ijoc. cit. 

^Z. Zuckerind. Bohmen 1913, 37, 385. 

®Z. Vor. deut. Zuckerind. 1910, 60, 1216. 

• Loc. dt. 
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Porphyrin. — According to Fischor and Hehw(T{it<*l,‘ porpiiyTin w 
present in begets. 

Fat — rhc ether extract of mangels, exainiii(‘d by Neville, - emilainecl 
free fatty acidn consisting chiefly of: palmitic acid H,7, olfde aci<i BG.l, 
and erucic acid 18.6 p(T cent. lYiglyc(^ri<les wen* also pnwni . 

According to Pavlas,'^ fat, occurs in droplets in the cells. The fol- 
lowing results were obtained on the ether extracts exn*pt ing those on 
the raw beet which were on the ether-alcohol extraet of fin* 
material. 



Ref. 

,, . , Sapon. 

hp. gr. nulex * 

2 rc. 

IfKlillC* 

No. 

bn- 

Matter 

^ IV >. 

Haw l-)eet 

k).9737 .5022123.5 

78.4 

it' 

42 2* 


Diffusion li(iuor. . , 

0.0182 1.4865 91,9 

71.2 

43,71 

0 234 1 6, 137| 

Beet residues 

lo.{Ki73 1 .5034 135 7 

50 9 

liK , f J 

f). 197 i) 0I5| 

8e<Iimcrit in heaters 

I ,50a)| 97.2 

(14 , 0 

57.3 

C) I.'tO 

Sediment, in tankB . 

1.5035 SO.O 

98.9 

50 H 



thin I oIk 


7Tn 41 
llil 24 


" PolarizntidiJ i l.H. t I*<,lari 2 ii»iiin i I 


ASYcrots'.— Small (plant it ies of two neutral 

isolated by Neville, - probably hdong with the {diytosf(*rnls 
ora rfdated grou[). The stereds isoIat(*d by fVivla.s'* w(»r(* chi.seK' ivhitiHi 
isonierH with the foriiiiila ( about half of which were conju- 
gated. 

Acids. - d’h(‘ acidity of he(H, juice has Is'cn a<’(*ouiit ed for by A’on 
Lippmaiin and otlifTs as due to th(‘ i)r(‘senc(* of various organic aci<l.s 
including ciirir, fnalic, fartririr, surf'ifiir, and others. In 

vi(‘.w of the (lifliculti<‘s attending the s(‘parntion of th(‘se acids, as shown 
hy mon^ recf*nt work, furthc^r iiiv(*stig!it ion s<*cniH desirable. Acccadirig 
to Hiuolcnski, ‘ the precipitate that setthas on warmirig beet juice, after 
removal of alcohol-, waU'r-, and hydrochloric a(!id-soIiihb suf istan(*es 
and drying, yirdds, on extraction with .alcolad, a substance wifli the 
forniula fb.sH.}.d>H (melting point 214 to 21 <> (’.; hdi , in alcohol | 21 
to 24.9"). I^y liyclrolysis tlu* rr^sin (icid C Yadbirit of .Andrlik ’ and /////- 
nironicaridweri' {)htaine<l. Vicho<‘V(T, Kunke, and Mastin'’ foiirul 0,17 
pc‘r c^ent and Arhcn/T 9.03 per ('(‘nt of oxalic acid. 

il. Chern. 16 &, !•>(). 

M. Cheni. Sfxa 1912, 101, HOI. 

•* bisty Oukrovar. 1029, 47, 527. 
phyeiol. Chem. 1911, 71, 2C3G. 


''Cfifun, Zentr. 1H9S, I, (>21. 
’.Seisms 1917,4G, 

Hyg. 1917,8, 9S. 
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Carbohydrates. — Although sucrose is the predominating sugar of 
the beet, dextrose and levulose are also present in appreciable but variable 
amounts and rajfinose occurs in small amount. 

H. Colin/ corroborating Girard/ found that the leaves always con- 
tain sucrose, dextrose, and levnlose. In the margins of the leaves the 
amount of levulose exceeds that of dextrose; in the petioles, especially 
near the base, dextrose predominates. Sucrose is formed in the leaf 
during the daytime but is inverted by sucrase in the margins at night. 
The sucrose of the root is condensed from the dextrose and levulose in 
the crown (neck) of the root. Invertase is not normally present in the 
root but when under certain conditions the sucrose migrates to the leaves 
it is inverted, the ratio of sucrose to reducing sugar regularly decreasing 
from the root upward. 

In a review of the literature, H. Colin notes that authorities are not 
agreed as to whether sucfose is synthesized in the leaf and translocated 
to the root or is polymerized in the root from invert sugar formed in the 
leaves. 

lioisseau'^ was the first to find rajfinose in sugar-beet molasses. 
Tollens'"^ showed that it is identical with the melitose found by John- 
ston^' in eucalyptus manna and the gossipose found by Ritthausen 
in cottonseed meal. Von Lippmann^ isolated raffinose from beet juice, 
thus refuting the claim of some chemists that it is produced solely during 
manufacture. Ordinarily the amount is small but under certain condi- 
tions it is considenibly increased. Its synthesis appears to be due to 
enzymes and is connected with changes of pectin and other galactan 
substances in the presence of sucrose. According to Browne,^ only 
0.01 to 0.02 per cent is commonly present in the sugar beet, although 
under certain condition.s not well understood it may occur in much 
larger amounts. Pellet^'’ by improved methods reports 0.8 to 1.5 per 
cent in boot itifdasses, corresponding to 0.0^1 to 0.06 per cent in the beets. 

Pectins. Klirlich and SoniuiorfoUP' extracted finely ground beets 
wit h watf‘r at 55 to (K)'" ( t to remove tlie sugars, then boiled several times 

‘ Kcv. frOn. holitn. V,m, 28, 280, 321, 3()8; 1917, 29, 21, 56, 8D, 113. 

telompt. mid. IHH:], 97, 1305; 1884, 99, 808, 

Bull. am. rhim. (list. 1917, 35, 171. 

« .1. fabr. Bucrc 1870, 24, 52; 1 878, 2S, 22. 

'' Bct. 1885, 18, 2f). 

® J. prakt. Chem. 1 843, 29, 485- 

^ Ibid. 29, 351. 

« Ber. 1885, 18, 3087. 

® Handbook Sup;ar Anal., New York, 1912, p. 733. 

‘^FIiil. ass. 8Uf:r. (list. ](>17, 35, 106. 

^Biochem. Z. 1920, 168, 263. 
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for several hcnirs with water thus obtaining hydmperiin^ repwwuiling 
25 to 80 per cent of the dry matter. A higher yielci, up to 50 fx^r cent, 
was secured by boiling under one to two atmosphereB’ presBunf'. The* 
hydropectin was separated in the fonn of yellow or brown plaU’H. On 
treatment with warm 70 per cent alcohol, araban wjib reniovc‘d, lea\*ing 
a residue of calcium and magnesium salts of pectin ie arid. This acid, 
from data secured, was regarded as consisting of acetyl, I nrahinoHc, 
1 galactose, 2 methyl, and 4 galaeturonic acid groups. Huh corrcHponfls 
to the formula CUaH (52037 and the molecular weight 1170 wiiicli agn^cs 
with the elementary analysis. The molecular weiglit detormiried 
on solutions, corresponds to the decahyclrate. The |>ectin of tlie sugar 
beet accordingly appears to be triacctyl-aral)inO“gaIacio-diiueihoxy- 
tetragalacturonic acid. 

See also Introduction, Apple, and Orange. 

Phosphoms-Oxganic Compounds. Lecithin. - k wabu-HoIiihle phos- 
phatide was isolated by Grafe and Horvat^ fnun the nugiir l>eet m the* 
lead salt. It yielded on hytlrolysis oleic, palmitic, ami gIyc'er(jpli( 5 H- 
phoric acids, choline, and glutaric acid, Init no carbohydrati* could 1 m* 
detected. Another phosphatide containc^d a nHiucirig Hulwt since* \ Kdic‘ve<! 
to be a carbohydrate. 

Fhyiin. — Bagaoisan^ found in dry sugar heetn about 10.55 jkt cent. 

Colors. — Red beeta, according io Sehudel,*'^ owe their eohu In hrinuin^ 
an sinthocysinin, having the following compoHition: ( ' 55. IB, If 4.9b, and 
N 8.57. Ita anthocysinidin or sugar-free derivsitive hrUinidin, iHurig 
unstsible, was obtained only as ethyliited iK'tanidin which i.s violet-red. 

The chromogen of sugar f)eets, according to Kozlowski, is yclhuvisli 
and amorphous; that of the wiki h<*et {H. mariiima L. H. vninaris L.) 
is white, cryHtallizing in taldeta Both have the pro|K*rtics of saponin.s. 
By oxidation they yield colors passing from yelbw through red lo 
viokd, hence the author Mieves that tlie color of the beiH in due to 
oxidation find not reduction. 

Formaldehyde.- (lentil,^’ by distillation, <)btaiiicd from iH-et roof :{ 
to 5 and from lK*et leaves 5 rng. p(‘r kilo. Whidlu^r this exists n*a<ly 
formed in the beet does not apfK»ar. 

Mineral Constituents." The analyses beloxv, made* at the Ma.HHachu- 

setts Station, are from Hiiskias’ Compilation*' recalculated to iHTceut- 

> Biochem. Z. 1925, 1C9, 449. 

* Philipi)ine Agr. 1932, 21, 53. 

^Inaug. Lis. Tech. Hochs. Zurich, 1018. 

^Compt. rend. 1921, 173, 856. 

*BuL ass. chim. suer. dist. 1909, 27, 109. 

“Mass. Agr. Exj). Sta. 1919, Spec. Bui. p. 90. 
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ages in the ash. The respective percentages of ash in the roots were 
11.3, 10.4, and 12.2. 


Com POSITION of Beet Ash (Haskins) 



K 3 O 

NajO 

CaO 

MgO 

PjOs 

SOs 


% 

% 

% 

% 

% 


Red beet . . 

39.0 

7.9 

4.4 

2.7 

8.0 


Sugar beet 

46.2 

7.7 

5.7 

3.8 

9.6 

1.0 

Mangels.. 

31.1 

10.7 

4.9 

3.3 

7.4 



Colin and Billon ^ state that the average ash content of French beets 
is much lower than formerly and the potash in the ash has dropped from 
approximately 50 to 25 per cent. 

Rekitim oj Ash and Ash Content to Sucrose and Nitrogen, — A^ccording 
to Andrlik and Urban, ^ the content of pure ash and nitrogen increases 
as the sugar content decreases, the averages for a normal year being 
0.454, 0.172, and 18.4 per cent respectively. In. 3 representative sam- 
ples they report sucrose 19.10, 17.66, and 16.55 per cent, and in the ash 
potash (K 2 O) 42.38, 38.96, and 37.61 per cent and soda (Na^O) 7.32, 
12.95, anti 16.68 per cent respectively, showing that high potash but low 
soda are correlated with high sucrose content. 

Minor Min oral Canstituents. /roTi.— Garden beet, 4 samples, 162 to 240, aver. 
141 rug. iKJr kilo, dry basis (Remingtou and Shiver). ^ Garden beet, 2 samples, 23.6 mg. 
Iierkilo, fresh basis (Peterson and Elvehjem).** 

Aluminum , — Beet 4.8 mg. jier kilo, fresh basis (Underhill, Peterman, Gross, and 
Krause).'^ Mangold 6 mg. per kilo, dry basis (Bertrand and L 6 vy).® 

Manganese.— GimlQiL beet, 5 samples, 33.1 to 85.1, aver. 66.4 mg. per kilo, dry 
basis (Remington and Shiver).® 

Copper.— GMdm beet, fresh basis 3.2, dry basis 24.5 mg. per kilo (Gii^rithanlt).^ 
Itoot, (i Wimples, 5.f> to 12.3, aver. 9.1 mg. per kilo, dry basis (Remington and Shiver).® 

, 2 samples, 1.0 mg. per kilo, fresh basis (Lindow, Elvehjem, and Peterson). » 

Zinc.—JUid beet 9.3, fodder iieet 3.3 mg. per kilo, fresh basis (Bertrand and 
).® B(Mit 17.8 to 38.7 ing. per kilo, dry Imsis (Uubbell and Mendel)-'‘> 

Iodine . — Present (Winterstoin ^ 

’Cornpt. rend. 1931, 192, 174C. 

*55. Zuckerind. Eohmen 1909, 33, 418, 477. 

® J. Ass. Off. Agr. Chera. 1930, 13, 120. 

M. Bbl. Chern. 1928, 78, 215. 

Am. J. Physiol. 1929, 90, 72. 

«Bul.soc. hyg. aliment. 1931,19,359. 

’’ Cerapt- rend. 1920, 171, 196. 

M. Biol. Chem. 1929, 82, 465. 

® Bub soc. hyg. aliment. 1928, 10, 457. 

Biol. Chem. 1927, 76, 567. 
physiol. Chem. 1918, 104, 64. 
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Cortex (Fig. 14, C).— The cells 
in cross section are (iistinguished 
from those of the cork by their 
larger size and isodiametric form. 
Phloem (P ). — There is little dif- 
ferentiation of the cells of the 
ground parenchyma of the bundle 
rays and of the medullary rays. 
Only in small roots or in the tail of 
large roots is the arrangement of 
cells in radial rows, a characteristic 
of horse-radish, noteworthy, llie 
mve tubes («) are distinguished from 
the ground parenchyma by their 
smaller size, the peculiar refraetkm 
of the somewhat thickened walls, and 
the arrangement in small groups. 
The contraction of the phloem rays 
at the outer ends is niark(‘(I in this 
root as in t he Uirnip and ruiabaga. 

Cambium (Cm)r I’he colls in 
the bundle rays are* not so broad a.s 
t.hose in the* medullary rays, 

Xylem (A"* to A'"). Starting 
with the diarch c(‘ntral group f A'*), 
the ves.H(d,s form groiif)H oecairring^ at 
iiib^rvals in th(* ground panmohyma 
up to tlie eainbiuin zone. rnd<‘V(*l- 
()p<*d vessels are often surrounded })y 



Fid. 13. 

b'ln. 1,1. — Rudish. Roof, in cnKs .Kccf ion. 
y 1. fA.L.W.) 

Fkj. M, — K.u(iish. Hoot, in crasH hooI ion, 
riuigriificd. S cork; (" oorUix; phlcjeia 
with H .siovf tiibc.s; X* primary xylc*iii; 
A'-, S-‘, and A'^ xyloin xoiio.h; ?; van- 
soLm; 7/1 iiKMlulIary ray. X KH). (A.L.W.) 
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radiating parenchyma forming a cobweb-like tissue. The vessels 
(Fig. 15) seldom reach 50 ju; even in the center of good-sized roots most 
of them are much smaller. While they are generally reticulated or 
retieiilated-pitted (r) in the center, narrow spiral (sp) forms are not 
unusual on the edges of main groups. Large spiral vessels are numerous 
in the crown. The joints range from short to long (over lOO p.), Fibers 
(bf) with thin walls are evident in good-sized roots. The parenchyma 
celh about the central vessels and in the medullary rays have swollen 
walls, but a sharp differentiation of medullary and xylem parenchyma 
is not usually evident except in small roots. 

Chief Structueal Characters.— Hoot globular or elongated; 
rind white, red, or hlack; flesh white or pink. 

Cork cells longitudinally elongated. Cortex cells isodiametric, charac- 
terless. Parenchyma of phloem and 
medullary rays not sharply distin- 
guished; sieve tuljes in cross sec- 
tion distinguished by smaller size 
and refraction. Xylem rays with 
groups of vessels and cobweh-like 
groups; vessels in root proper mostly 
reticulated or reticulated-pitted, less 
often spiral, up to 50 p. 

CHEMICAL COMPOSITION.— 

Dalilen ^ gives a single analysis each 
of the Spring and Fall crop of R. 
salivas radiculu DC.; Atwater and 
Bryant- give results on the edible 
})orti<)n (70 per cent) of 4 samples of 
the common radish; and Chung and 
Rippertoi)’^ give 2 analyses of tlKioriental radish (R. sativus Umgipvn- 
■fiatiis), one being of tlie short oblong variety preferred by the Chinese 
and known as Loh-hak choi, the oIIkt of the large long form grown by 
tiuNJapanese known hh Daikon. 

Agcaoili'^ uiporls 0.82 per cent of fu-oteinin the Chinese radish grown 
in the rhilii)pLues. 

Carbohydrates.- Wittmana’'’ found in the common radish 0.57 and 
in the black radisli ().S8 per cent of peniosam. 

The white precipitate, obtained \)y Takahashi^' on concentrating 

* Landw. Jahrb. 1875, 4, 613. 

= IJ. 8. Dept. Agr., Off. Exp. Sta. 1906, Bnl. 28 rev. 

^ Hawaii Agr. Exp. 8ta. 1929, Bui. 60. 

* Pliilipljjne J. ftei. 1910, 11, 91 . 

Z. landw. VerHiicliww. ItKH, 4, 131. 

® J. Agr. Cheija Hoc. Japan 1932, 8, 393, 



Fig. 15, — Radish. Elements of root in 
surface view, su cork layer; r reticu- 
lated vessels; sp spiral vessels; bf 
bast fiber. X 160. (A.L.W.) 
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COMFOHITION OF 



Water 

Protein 

hat 

N-f. ext. 

Sugars 

h'iher 


€/ 

/(} 
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% 

% 

Dahlen: 







May . 

94.31 

1.15 

0.10 

3.10 

1.14 

0,65 

Octc)l>cr 

93.47 

1.45 

0.11 

3.31 

0,52 

0.73 

A. and Ik: 







Min 

80.6 

0.5 

0.0 

3.4^ 


0.7 

Max 

94.8 

3,0 

0.3 

8.3* 


0.7 

Aver 

91.8 

13 

0.1 

5.8^ 


0.7t 

C. andE.: 







Chinese 

95.04 

1.08 

0 .03 

2.39 


0.65 

JapancKO .... 

94.85 

0.87 

0.03 

j 

3.03 
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I ndu(l<*ft fihfcr. f 2 fiuti 


tho expresvscd juice of oriental nidLshoH (var. fnaeropmUis) and addition 
of alcohol, on exirjiction with water yudded a ycllow-l)rowii ^(‘latinoiiH 
precipitate believed to he hyflratecl pectin j which on furtheo' purification 
contained on;r 78 per ce^nt of galacturonic acid. Free poetic acid was 
obiaiiiod by treat merit with hydrochloric acid. 

Phosphonis-Otganic Compounds. J^hytin. In t he root, HagaolHan ‘ 
found 2.5fl per C(‘nt, dry baais. 

Colors.- -AnthoeyiiniiiK of radishes <li (Ter wit h the variety. Sclnid(‘F* 
found in a yellow-nal vari<dy mphaniny the antho(*yaiii<iin of \vhi<*h is 
pelargonidin, and in anal variety ruhin, the antlH)f‘yanidin tif \vlii<di is 
cyaiudin. 

Mineral Constituents, (dnmgand Rippuion'^ found in t ia* (’liincs(‘ 
and JapaiK'se vari(dies r(*sjw‘(‘tiv(‘ly : eakdiini 0.021 and iron 

O.OtJOb and O.OOOo, and plK)Sj>honis ().()‘2() and O.OH) per (•(■id; al*^!* alka- 
linity of (iif'ash 9.()0 find 4.50 expr(*s.s(*{{ as euhh* cent iniet (U’s of niM’iual 
acid p(‘r 100 grains of fnasli vegetahka 


Minor Mineral Constituents. Iran.-- RiuliHli, li H!irn{)lcs, l.'tfi rna. jut kilo, ficdi 
IkusIh ( Pct.crHoii and Idvchjcrn),* 

Aluniinutn. Rose mdinh harvr^HOMl in March ‘JIO, in April *ii<) prr kilo, drv 
l)a.HiH (Bcrlniiid and Levy).'* 

Itiuli.Mh Uktlfirn^. jx-r kilo, dry ha.siH (t^ujirfa n»li )/• Kadinh 1.17 mir. 
j)(‘r kilo, <lry haniH (P(*1(*rHoo and Skiniifr).’’ 

ey^/;/a-r,~ Radish B.K fr(‘Hh, 52.7 rnn. pta' kiln, dry li.'tsiH (( lucrithanlt Knlli^li 


‘ Philippirif* Ai^r. 21, .5.'k 
•Miuuik- hiH. Ziiricli, IDlH. 

■* I.o<‘. cit. 

M. liiol. €!i(‘ni. 1028, 78, 215. 


•'Oirnpt. read. iH.'ll, 192,52.1 
Ann. chirii. itjipl. ItrjH, 18, 47, 
’ .1. Nutrilinri 1(131, 4, 410. 
^Conipt. rend. I (CJO, 171, KUi. 
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19.8 mg. per kilo, <117 htmiH (Qiiartaroli).* Radish l.G per kilo, fresh basis (Lin- 
dow, Eivehjein, and IkderHon).' 

Ziw.—Ynik radish 1.6 per kilo, fresh basis (Bertrand aad Benzon).» 

RUTABAGA 

Brasden mmpedm L. Yar. Napo-Brasnca DC. = B. oleracea L. var. 

Napo’liramm L. = B. Napus Napohrasnica Rchb. 

Fr. Chou-navet. It. Rapa svedese. Ger. Rutabaga. 

In hlnglaud, roots of this species are known as swedes or Swedish 
turnips, in the United States as rutabagas. The common type 
is orange-yellow, lienee many people use the terms rutabaga arid 
yellow turnip as synonymous. There are, howewer, white warieties of 
the rutabaga, and yellow varieties of the common or Summer turnip. 
A better, although not infallible, distinction is the form, the rutabaga 
being iop“duip(‘<l with a neck-Iikc crown or stern, while the common 
turnip is commonly f!aftene<I, abruptly narrowing to the taproot, with 
a depuNssion at- the top bearing the leaves, 

Th(^ full-grown h’avc^s of the rutabaga are smooth and glaucous; 
those of the turnip arc* more or less hairy. Both vegetables are biennials. 
The flowers of tin* rutabaga are creain-colorcd and of considerable size, 
while those of tlie turnip arc^ bright yellow and small. 

]'l(\sliy roots are alsf) pro(luc(‘d by a variety of B. cMnemis L. de- 
scribed by Bail(\y.* 

MACROSCOPIC STRUCTURE.™ The specimen selected for study 
was somewhat (doiigaled, t:ipc‘ring gradually to the narrow taproot, 
witli a ptirple top and onuigc! tle.sh. The diameter measured about 
10 (an., the distance from f h<‘ periphery to iluuiainbium layer 2 to 3 min. 
Boots twice tluit siz(‘ ar<‘ not muiomtnon. On paring, little, if any, of 
the c.ortvx rcmaiiKvI. lOxctnsiw* of the crown or short sioni marked by 
l(‘af scars, t he nppf‘r half wa.s smooth, while thc^ lower half was roughened 
by transv(‘rs(‘ wrird-ck's from wlkich sprang rootless and sometimes sec- 
ondary roots. S<)m(‘ varied ii\s also hav(^ a f(iw rooldets in the upper half. 

The corl(‘x and ouf<r p[ilo(au zone were a uniform light orange color; 
tlr inner (uids of th(‘ phlofun rays, the camhiiim layer, and the groups 
of v(‘s.s(‘ls jiiid surrounding c(*lls d<‘(‘p orang(\ The bimdle rays 

weri^ j)arli(!ularly niarkcU inoar th(‘ eamhiuni layer wIkto the vessel 
groups of (‘aeh ray wfuv (dose 1og(‘th(‘r; flirt her inward lh(^ raalial arrango- 

PAiiii. rbini. ,'ippl. lil2S, 18, 17. 

M. Bbl. Chcrii. 1920,82, AiY). 

^Biil.soc. hyg. aliiiiciif. 1U28, 16, 47)7. 

‘Cornell A^r. Mxp. Sla. 1S04, Bui. 67. 
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rTient was loss noticeable. Tbo vessel groups also were arranged more 
or less distinctly in concentric circL^s. On casual exiiniination, only the 
nuinerous deep orange rays near the cambium lay<T and tiui uniform 
inner tissue, spotted here an<i there with hirge dcH^p orange vc^ssel 
groups, were noticeable, 

MICROSCOPIC STRUCTURE. --The genc^ral structiin^ r(^sc1ni)!eR 
that of the radish (see Fig. 14), laitthe vessels nsuallj nMich a larger size. 

Cork (Fig. 16, m).--- Most of the celln in surface view an* approxi- 
mately Hictangular and longitudinally elongated; some*, howcn'CT, iirc* 
polygonal, isodiametric, or elongated in various direeiiems. 

Cortex.” -The cells arc isodiametric and cbaraeierless. 

Phloem. — Inhere is no sfiarp demarcation {>r difTt^rence in cell form 
between the cortex and outer phhxnn, or IndAvcnm the plibnan paren- 
chyma and the medullary 
rays. In longiUulinal radial 
s(*etion is lil!k‘ indica- 
tion <)f longitudinal elonga- 
tion or arrangement Hide by 
si<k^ in ra( iial rows, a striking 
feature (»f lairsf*- radish as 
well iiH of und)cliif<*nins aiai 
eoni{)osito roots. Sirir 
in croHH H(‘ction are recog- 
nized by their snudlfT sizf* 
and highly refra<*t ive walls. 
(Jlinniiatitpharrs, such as ar(‘ 
inent i< n led below, art * | m'stait 
in the imifi* eiul of the 
pliloeni rays of this as well 
as of ot lifT yellow varietie.s. 
Cambium (Fig. If), o. 
I.ongitmlinal elongation of tlie etdls and arraiigenioiit. sidt* by side in 
radial rows are here marktal. ( ’bromatophtjreH arc* f)n‘.scnt. 

Xylem.“ Owing ehkdly to the raphl growth and abnormal tievadop- 
rnent, the arrangement nf cells and vessels shows much <}istortiorL 

The va.mds are largtdy pitted, or pit tcd-nd.ieiilat (*d, varying up to 
7f) IX in bnaidth, with joints much longer (ofttui up t(02(H) than 

in horse-radish. A(ij()ining the ctunlntim layer the narrow undcv'idoped 
vessels have delicate spiral or r(*tic\ilatcd markings (Fig. 16, r). Home 
of the narrower vessels (/;d) have nearly round pits; rnost of thfdjroader 
vessels (pr, p?/^) have transverstdy or diagonally elongatiMl pits, iiohtist 
spiral v(‘sselsare confined chifdly to thccrowm. 



Fio. 16. — Rutabaga. Elfunents of root, mi crork 
in Kurfano view. The following in longiiiKlinal 
.SLM'.tioii : c toiiiihiurri ('(‘II.h; r venstLs in tin; for- 
iiintiv'c Hlago with dolioaie rojicMilatiom; j/i* 
voHS(*I.s with round or broadly oral idfii; ]n-* 
and v«‘s.s(*1h with clongat.oii {>it«; mP, fjr- 
Holcrciichyiiia colts or modified ve.H.s(dH. X lOe. 

(A.L.W.) 
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Sckrenchyma cells of various types also occur among the vessels of 
wliicli they are rnociificaiions. Two of these sometimes coalesce at the 
ends to form eollar-like bodies (^c^. Others are short (sc^), radically 
different from true vessels. 

Cohvoeh tissues . — Contributing further to the irregularity of the struc- 
ture are striking groups of small cells (Fig. 17, w) concentrically arranged 
about abortive vessels and showing evidence of cell division. 

The medulUmj rays are often indistinguishable from the adjoining 
parenchyma, and arrangement in ra- 
dial rows is often indistinct. 

Chief STiiucrruRAL Ouahaotbrs. 

— Hoot top-shaped with a neck; flesh 
yellow or white. 

Cork cells in surface view polyg- 
onal, isodiametric, or elongated. Par- 
enchyma cells of cortex, phloem, and 
xylcni mostly isodiametric, not in dis- 
tinct radial rows as seen in longitu- 
dinal section. Yessels up to 75 }i 
broad, mostly pitted or pitted-reticu- 
lated, joints up to 300 ji long. Cob- 
web-like groups common. Yellow tur- 
nips with chromatophores. 

CHEMICAL COMPOSITION.— 

Rutabagas in certain regions are 

known as turnips and are sometimes so classified oven in reports of 
analysts. For thi.s n^ason, as well as because they have practically the 
same coniposition as turnips, analyses of both roots arc here considered 
t()g<‘,ther. 

The averagf^s of 3 analyses of rutabagas and of 6 analyses of turnips, 
both with the sanio w'ater content, given in Lindsey, Smith, and Beals’ 
Compilation,* show the similarity in composition: 



17. — Rutabaga. Cross section 
through groups of mature vessels 
V and cobweb-like tissue w con- 
sisting of thiu-walled parenchyma 
cells arranged concentrically about 
a group of abortive vessels. X 160. 
(A.L.W.) 


COMFCBITIOM OV EuTABAQAS AND TURNlPS (LlNDSEV ET Al.) 



Samples 

Water 

Protein 

Fat 

N4. ext. 

Fiber 

Ash 

1 

1 

Rutabagas 

Turnips 

3 ! 
0 1 

.■( 

KO.O 

K9.() 

, f 

1 :i 
1,5 

JO 

0.2 

0.2 

0/ 

\ A-' 

7.2 

7.0 

% 

1/6 

1.3 

% 

1.1 

1.0 


^ Massachusetts Agr. Exj). Sta. 1919, Spec. BuL, p. 13. 
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In ihcHO aniilys(^a ilio iivora^o protoin con tout of (tirnips i.s higher 
than that of the ruiu})agas, whoroaa in nunuToiis analyso.s oompikai by 
Keinig (who inoliuk^s Homo riitabagnK with iunii|Ks) the; r{‘vt‘rs(; Ls true; 
in both cases, liow(;vor, tlio difforonoe; is slight. 

I’or sc^voral ye^ars Wcronskiokl aiuiIyzcMl roots subiiiilttal by Nor- 
wegian agricultiinil socieiios, tho results for th<‘ your 1893^ iKong of 
spocial int.(.;r(^st !)ecauso of the wide raiig(^ in pe^naailage^s of sucrose; and 
of doxt roso and in tho relative aniount of iliese sugars. 


COMOOHITION OF llUTAIt AOAH AND TuiiNll‘H (WKatKNHKlOOO) 
(RohuUh on dry l>asiH) 



I 

'ater ^ 

Pre>- 

t(‘in 

n/ 

/(> 

iMlt 

N-f. 

ext. 

O' 

I)(*X- 
t feme 

O' 

.Sn- 
ore ine* 

f" 

/'O 


Ash 

liut,al»igas 









Min 

S5,SK 

0.10 

(i.:« 


4,22 

8,07 

9.92 

f»,I0 

Max 

89. 7K 

13.80 

1 .42 

74.22 

57.93 

44.40 

13 3f) 

8 K5 

V(‘lle>w turnipsl 37 









Min 

80 80 

; ti.58 

(),2H 

.55,04 

2H. 10 

1 29 

11. Hi 

I 5 74 

Max 

1)3,05 

15.50 

2.79 

72. 34 

,52.82 

Hi 5.S 


12,37 

White turnipH . 









Min 

89, 7i> 

(i.(>8 

(),2H 


34. 1.5 

4.12 


7,01 

Max 

(}*> *)•> 

Ifj.lH) 

0 S7 

<13. It) 

52 31 i 

1.5, 5.5 

15 73 

li HU 


niaxiimiin dextrose and the niininiurii sucrose in the yellow 
and white* turnips \\'(rv on the* same sample. Amide* ni1re>gen in {)er- 
centtiges e)f the; teital nit roge‘n rangeai as fe)ll()ws; nitahagus tlO to 
{>0.7, 3 'e‘lle)w turnips l.'hO te) (U .8, aiiel white* t iirnips o.'bl) to fd.S. 

Influence of Season and Variety. Shull-’ r(‘pe)rt^ the* roiilts of 
a,nalyse*s e>f rulahagas grown in ('anaela. ( ’(Hiside'ring the ;iueT;i|^es for 
e'ach year freun 1905 te> llHO, the solieis, calciilateMi to the* root, rrmged 
freun t).S7 to 1‘J.IS, and the sueTose*, eale‘ulate‘(l to the* juie’e*, fneii 1.07 
to 1 .7S peTce'nt. d’he* ruoximum c*e)nt(*n! e)f s(di<ls on<l sueTose* oe’ciirreel 
in t he* same* ye*a r, blit the pe*ree‘ntag<‘ ejf .*^u<To.*^e* o )rre*sfH)n(iing to the* 
niinimuni p<*re*(‘ntage ejf solids was l.r>2, whie*h was not the* niininiorii 
but next to the maxinnnn. eornpnrison of tlie* re*sults eui P) varied ie*s 
grown eluring twei sue-e'essi ve* y(‘ars, altliemgh slmwing e>n the* ave*nige‘ 
riiarkeally lf‘ss solieis a ml sii<'re>se* in the* se‘e*e)nei year than in the* first, 
eioes not slmw this difTeirenee; in the* case* of .some varietie*s. For eox- 

‘ Plioin. Cont rol Stn. (Jlirisfiariin, Hop. IKOIi, j). 1 1, 

^ Can. JJept. Agr., Ji<*p. Pom.Chein. KUO, p. 2If); I9n,p. i 7H. 
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ample, Magnum Eonum contained respectively in the two years solids 
10.57 and 10.51 and sucrose 1.18 and 0.51 per cent, but Perfection 
Swedes contained solids 11.05 and 11.82 and sucrose 1.37 and 1.42 
per cent. 

Incidental to the study of the finger and toe disease of rutabagas 
(swedes), Whitehead * analyzed 4 varieties with results as follows: 


CoMPOBirioN OB’’ Varieties of Rutabagas (Whitehead) 



Solids 

Sugars 

in 

roots 

Reducing 
sugars 
in juice 

Sucrose 

in 

juice 


% 

% 

% 

% 

Magnum Boiium 

8.8 

5.47 

5.35 

0.31 

Danish 

10.6 

5.86 

5.80 

0.29 

Danish 

11.1 

6,25 

6.20 

0.29 

Yellow turnip 

8.5 

3.32 

3.30 

0.15 


Infiiaence of locality.— Rutabagas (swedes) grown in different locali- 
ties from the same lot of seed were shown by Lauder^ to vary as follows: 
total solids 10.32 to 12.56, soluble solids 7.83 to 9.48, insoluble solids 
2.49 to 3.17, and sugars 6.41 to 7.33 per cent. Total solids were found 
to be the best index of quality. 

Influence of Fertilizers.— Results secured in fertilizer experiments 
by Hendrick'^ show that the stunted turnips grown without manure are 
high in prohhn (three times normal), fiber, and ash content but normal 
in sugar cont (mt. Givcm a supply of phosphoric acid, the percentage of 
riitrogfui was not afiprcciably affected by nitrogenous fertilizers although 
t he percent age of sugar was somewhat increased. 

Proteins. \\'illianiH'‘ isolated the soluble protein of the rutabaga 
by lu'atiiig th(‘. juicMi at Ch One preparation contained the following 
p(*rc(‘iitages: water LSI, nitrogen 14.09, and ash 8.6. Hydrolysis and 
(kderininaiion of tdie amino acids, employing Fischer’s and Kossel and 
KiitscluM'bs inedhods, yielded lh(^ results tabulated on the next page. 

In nitiihaga protxiin Fiiiih and Lieben*' found tryptophane 3.3 per 

CfMlt. 

Nitrates.— At.tfoit ion was calhid by H. and JG Schulzcd' to the nitric 

nVdsh .T. A^r. 1925, 1, 17(5. 

'’Scot. J. Akf. 11)27, 10,428. 

** GL'iflgow and W. iSnotlaiul Tech. Col., A^r. Dept. Ec{). 1805, p. 23. 

M. A^r. Sd. 1917, 8, 182. 

niiochem. Z. 1021, 122, 58. 

^Landw. Vers.-Stat. 18G7, 9, 242, 434. 
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FHODiicrrH of IIydholyhih of Rutabaga Soliihlf; Photkin (W’ilmamb) 


Fhiniin hotlios 4.74 

(UyoocolL. 0,‘i7 

Alsu line H.fjK 

Vsilirifi 0.1)5 

I,<-urin« 

-1 

AHpsirlic’. sunil O.DH 

(llutaini{Mid<i 3. IH 

Tyrosine 2,1)2 

Phenyhilnninc 4.47 

Pr()lin(5 4.17 

Tryi)tf)i)hano -f* 

3.12 

4.:i5 

JlisiHino 3.04 

Anirnonia 1 ‘21 


0().00 


nitrogen (wiItiK^tor) jjrrHC'ni in rulabaf^nH uiid hirraiiJH. In 6 vnr 
of inrnipB oxainin(;<l hilorhy IC. Schulze ^ llio range in nitric: nitrogen in 
the fresh rootH waw 0.(104 to 0.07) I and in the dry rnaticr 0.053 to 0.05 
por cent, corresponding to a range of total protein in the fr(‘sh rootH of 
0.04 Id .1.20 and in tin* dry mat ter of H.2H to 13.35 [mt cent. 

Carbohydrates. Surro.sc and fir.tliidhg Ah/par.s. See al)ov(‘ tahh*H. 

PeyiimatiH. Sc'hcdic'ii- found in rut alaigas 0.07 per cent of iKadosans 

and 2.93 p(T cemt of rncthylixuit^osans. 

Mineral Constituents. I )etf»rniination of the niineral con.^tituent.s 
in rutabagas and white tiirnipi-', reported in II/t.Hkin.s' (Vimpilal 
gave the following n*sults ccdeulatcd to the frc‘H}i material: 



\Vat4T 

Anh 

K,0 

NaaD 

(uiO 

MkO 

iV>i 


Vi- 

(■' 

. (• 

f ' 

, / 


f ' 

f.. 

v< 

/f 

llutnhaga 

KU. I 

1 oe, 

0 49 

f) 07 

0 09 

(hO.'i * 

0 1 2 

White t urnip.. . 

80.6 

1 .01 

0 .'19 

O.OS 

i 

9,09 

0 o:i i 

1 

0 10 

I 


Minor Mineral Constituents. Ir(ni.~ 'Purnij), )>cclc<l 0 rrif>;. jut fn*wli haws 
(Slicrrriaii).'* Rutabaga 10.7, tiirnij) 7.0 nig. per kilo, freah liawH (IVtomon and Id- 

1 Lanrlcv. Vom-Stat. 1872, 16, 170. 

^Chera.Zig. HX)0, 30, 401. 

'* Massachu setts Agr. Exp. SU. 1019, Spec. Bid. p. 91. 

Ml 8. Dept. Agr., Off. Exp. Sta. 1907, Bui. 186. 
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vf.hjcm).' Turnip, 2 samples, 4.2, 5.6 mg. per kilo, fresli basis (Toscani aad Rezni- 
koff).^ 

Aluminum. — Hoot, harvested in May 37 mg., in December 90 mg. per kilo, dry 
basis (Bertrand and L<ivy).^ 

Mangaime.— Turnip, 6 samples, 9.7 to 19.3, aver. 13.6; leaves, 6 samples, 64.0 
to 143.8, aver. 107.6 mg. per kilo, dry basis (Remington and Shiver).^ Rutabaga 9.9, 
turnip 5.4 mg. per kilo, dry basis (Pet-ersorx and Skinner).® 

C'o 7 )p<?r,— Turnip, 5 samples, 4.0 to 5.0, aver. 4.4; leaves, 5 samples, 5.7 to 10.3, 
aver. 7.8 mg- per kilo, dry basis (Remington and Shiver).^ Root 3.0 mg. per kilo, 
fresh basis (Gu^rithanlt).® Rutabaga 1.6, turnip 0.9 mg. per kilo, fresh basis (Lin- 
dow, Elvehjem, and Peterson).^ 

Zim.— Turnip 0.3, rutabaga 3 mg. per kilo (Bertrand and Benzon).® 


TURITIP 

Erassica Rapa L. var. rapijera Metzg. 

Fr. Nav<d;. Sp. Nabo. It. Rapa. Ger. Weisse Rlibe. 

Distinctions from the rutabaga are described under that head. 

MACROSCOPIC STRUCTXIRE;~-Out of the bewildering variety 
of forms it is difficult to select one which may be regarded as the true 
type, especially as all have been developed from a slender-rooted form 
by breeding. For our purpose a white-fleshed, purple-top, flat form, 
about twice as broad jih high, abruptly narrowing to the terminal, and 
without a neck, was selected as representing a type differing most from 
a yellow rtitabaga. 

Cross sections show a narrow rind separated by the cambium Jayer 
and that the leaves arise from a depression at the top. 

MICROSCOPIC STRUCTURE.-— No positive histological distinc- 
iion from the rutabaga has been noted. In the specimens examined 
the vessels seem to liave somewhat larger pores or pits than shown in 
I^’ig. 16 anrl may perhaps be more correctly designated as reticulated 
r<'ith(‘r tlian porous or pitied, but similar large pores occur in white 
rutabagas anri porliaps in some yellow varieties. Chromatophores arc 
absent, in the c^ormrionost forms as is also true of white rutabagas. 

CHEMICAL COMPOSITION.— See Rutabaga. 

> J. Biol. Chem. 1928, 78, 215. 

2 J. Nutrition 1934, 7, 79. 

® Compt. rend 1931, 192, 525. 

* L Ass. Off. Agr. Chem. 1930, 13, 129. 

^ J. Nutrition 1931 , 4, 419. 

® Bui. 80 C. hyg. aliment. 1927, 16, 386. 

7 J. Biol. Chem. 1929, 82, 466. 

®BuI. soc. hyg. aliment. 1928, 16, 457. 
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by ihcir great breath und Hhort joints. In th(5 latUr n‘Hf)e(it 1 ]k 7 con- 
form rather closely to the cells of the parenehyrnn, tliC‘ joints Ix'ing w)in- 
rrionly 100 to 150 pt long and seldom over 200 /i. In breadth t hey r(Nu:h 
150 {X, many being broader than long and much broad(‘r than those of 
the turnip and rutabaga. Cuhoeh-likc tismeHj suc^h as clf‘H(Tihc*d and 
pictured as occurring in rutabaga (Fig. 17), are pn^H^uit also in this root,. 

ChuEP Btkuctijbal Chaiuutkiis. — Hoot wliitisli, with secondsiry 
roots at the lower end; neck wrinkled; cross scctioiiH white with cortex 
and phloem thicker tlian in radishes, rutahagfis, and turnips. 

Primary cork cells in transvesrse rows; secondary cork tisHiie present 
in parts. Hypodemi of thick-walled cells and short stone cells. ( 'orkx 
of rounded, thin-walled cells with intercellular spaces passing into (don- 
gat, ed cells about much elongated stone cells. Phlo€‘m and xyh*in |mrc!n- 
chyma of longitudinally elongated cells side by side; in radial rows. 
Vessels pitted, up to 150 g broad, with joints usiially less than 2tK} pi 
long (broader and shorter than in nitabaga and turni|)). Starch grains 
up to 15 p present throughout. 

CHEMICAL COMPOSITION.- -I lahlen^ fourui the following: 

COMFOSITION OF HoRSB-RaDIBH (DaHOKN) 

Water Protein Fat N-f. ext. Mbfr Ash 

reducing 

% % 

73.85 3.35 0.31 IK. 30 


t.s hy Fri(‘s(;" on 5 saiupk^s are sunimari/.(‘d 





.\ci(l 

Xo.* 

A.nh, 

Ash 


/ ( 

r- 

_ 

<’C. 

4 ‘ 

. 1 


Mirj . . 

57 02 

2 I -1.3 

4 52 

1 31) 

0 05 

.Max. , 

7HJ>7 

•rj US 

5 ‘Jf) 

2 57 


Av(‘r. , 

72.07 

27,93 

4 82 

2 11 

7 93 

riuterj: 

Aver. . 

Inner f: 

76.96 

23.04 

4 92 

1 79 

7 40 

Aver.. 

73 06 

26.96 

6.11 

2 09 

9 14 


* lujnniil alkali or iirid jm.t l<X)itrainRB !(?. 


Nfd’l 


0 XI i 

0 OIO 

0 70 

f) 021 

0 45 

0 015 1 0 026 

0 39 

0 016 0 021 

0 39 

1 

0 019 1 0 026 

t 3 


^ I.andw. Jahrb. 1H74, 3,613. 

UnterH. Nahr.-GenuBsm. 1025, 49, 194. 
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Hematitt.— Elliot and Keilin^ obtained experimental proof that 
preparations of horse-radish root contain hematin as free acid hematin 
which does not combine with proteins below 'pR 9 and not completely 
until an alkalinity of over pK 10.5 is reached. The relation between 
peroxidase and hematin is not simple; at pH 10.5 the enzyme is nearly 
inactive. 

Enzymes . — Peroxidase was first studied in the horse-radish root and 
the pumpkin by Bach. ^ It, together with oxygenase, as shown by Chodat 
and Bach,^ make up what was once considered to be a single enzyme 
known as oxidase. 

Mineral Constituents. — A summary of analyses by Friese^ of the 
ash of the 5 samples referred to above follows : 



1 

K 2 O 

1 

NajO 

CaO 

MgO 

ECaOs 

AlaOa 

MiiiOa 

P 2 O 5 

I 

SOa 

Si 02 

Cl 


% 

% ’ 

% 

% 

% 

% 

% 

% 

Jo 

%> 

% 

Min.. . 

29.44 

8.84 

7.49 

2.13 

0.08 

0.14 

0.08 

5.56 

23.59 

6.40 

0.78 

Max. . 

31 .62 

16.17 

11.52 

3.25 

0.10 

0.29 

0.10 

9.51 

29.86 

10.55 

0.90 

Aver. . 

30.34 

11.66 

9.27 

2.67 

0.00 

0.21 

0.09 

7.64 

27.09 

9.37 

0.84 


The analyses given by Konig show much less soda (lS[a20 3.96 per 
cent) and much more iron oxide (TeaOa 1.94 per cent), also somewhat 
m(>rf3 phosphoric acid (P 2 O 5 30.79 per cent) and silica (Si02 12.72 per 
cent), but results on other constituents are within the above limits. 

iProc. Roy. Soc. (London) 1934, B114,210. 

Hier. 1903, 36, 600. 

Hbi(i. am, 36, r>0G. 

^ Ivoc. dt. 



ROOT-TTTBERS OF THE PEA FAMILY 


{Legumino^a) 

Of TUK four 8poci(‘8 yielding; edible r<)f)t-tub(T« here 
Tiarndy the tiil)er()iiB veichling, belongR in llic Viati triln* ( 
while the other three, niiinely the yam bean, the ground nut, juni the 
kiidzii, belong in Wm^. Phamflu a iri})e {Phnmkiv). 

COMPARATIVE MACROSCOPIC STRECTIJRE. The in\wrmii< 
rooin of the l-uberonH vc^tcbling and the ground nut an* ovoid, of the 
yarn bean turniiHshaped, of the kudzu sw(‘et-f)(hato-8}jajM‘(l. In the 
first thr(‘e spc’cies, at least, they an* formed in waien <tri a sleiuier eon- 
necting root axis. 

COMPARATIVE MICROSCOPIC STRUCTURE. l\i)i<'al a>rk 
crlh, several tiiiek, form the* pr{)teetiv<‘ covering, and siiirrh ptirtui'hyifui, 
bast Jibers^ and crystal crUs (eiystal tit>er.s) oeciir in the cort^’X, phloem, 
and xylein of all four si)<a*if‘s. 

Th(^ ,st(irch (jrainH an* tnineated, of the tapioea tyiH', in t lie tuberous 
va't(dding (up to 20 g), yam Ix-an (up to 21 ^), and kudzu (up to .*12 /x); 
in lh(^ ground iiiit, they an* mostly liorne<i or gourd-shapod Cup to .'io /jij 
with exe<‘nt rie hiluni in tin* larger end. 

lidst Jibers in g;r()Uj),s and aceompaiiying; erz/.v/o/ jUxm with oxalate 
I)risniH are numerous in all but. tb(* ground nut, in whieh fibers m-eur 
sparingly. 

Latex lubes are nun)(*roiis in tin* ground nut hut are not evi(h-nt in 
the oth(*rs, although kudzii eontains tubes with do(‘p brown contents 
whieh may he modified latex tubes. 

In all th<' spf‘ei(\s fhe* vessels an* n‘tieulated or pitted, d’hey are 
larg(‘st in ktid/ai (up to 2.00 Jn 1h(^ ground nut they reach liiO g hut 
in tlH' yarn b(‘an only 70 g. I.arg(‘ spiral vess(*ls, such as ofa*ur in thf* 
sfem (md of €ru<'iff*roiis, umhc'IIihu’ou.s, and c-ompo.site roots, an* lacking 
siii(*e iieillu'r end i.s morphologically a steru. 

COMPARATIVE CHEMICAL COMPOSITION, 'fhe literature is 
limited to af(‘w proxiniato and partial ash analyse.s. Stfirrh is the (diii'f 
const if. iKuit. in all tla* roots deHerih(‘d. 
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TUBEROFS VETCHLING 

Lathyms tuherosus L. 

Fr. Gland <le terre. Ger. Erdeichel. 

Our knowledge of the history, composition, and structure of the 
root-tubers of this legume is based on the description of Hanausek.^ 
The plant grows wild in central and southern Europe, and the tubers 
were used by the ancients for food. Before the introduction of the 
potato, which they resemble in composition, they were grown in Holland 
and central Germany. 

Uncooked, the vegetable resembles green peas in flavor, and boiled 
suggests the chestnut. Like the ground nut, it is worthy of the atten- 
tion of horticulturists and plant breeders. 

MACROSCOPIC STRUCTURE. — The freshly gathered root-tubers 
are gray, red-brown, or black, elongated ovoid, reaching 7 cm. or more 
in length and 3 cm. or more in width. They resemble a potato in 
texture. On drying they become horny. 

MICROSCOPIC STRUCTURE.-The Cork consists of several rows 
of typical cork cells, renewed by a two-rowed phellogen layer. 

Cortex. — The parenchyma cells are rounded-polygonal and -contain 
small starch grains and protein masses. The starch grams are of the 
tapioca type, the larger grains reaching 20 p in diameter. They occur 
frequently in twins and triplets, less often in larger aggregates, and have 
the characteristic truncations of starches of the tapioca group. Bast 
fibers anti crystal fibers with monoclinie oxalate crystals are striking 
eler neni s. 

Xylem. — The vessels are cither pitted or reticulated, and the adjoin- 
ing 'ivood parenrhyrna has somewhat thickened, pitted walls. Starch 
parenrhymx and groups of vessels form the major portion of the xylem; 
hast fibers and crystal fibers are also present. 

(’hief SriujcTURAL (hrAitAOTEiis. — Root-tubers small, elongated 
ovoid, of thci coriHistency of potatoes. 

( Jork of usual type. (.'orU'x of starch parenchyma, bast fibers, and 
crystal fibers; starcli grains of the t-apioca type, up to more than 20 g, 
oft <‘11 in small aggregat.es, Xylein with reticulated and pitted vessels 
and pitted wood parcncliyma; other xylem tissues as in cortex. 

CHEMICAL COMPOSITION, Carbohydrates.— The presence of 
maltose wasdeunonstrated by Meunier, ^ who states that this is the fourth 
plant in which this sugar has been found. 

^ Z. allg. ociBterr. Apotli.-Ver. 1883, Nr. 21. 

= Conipt. rend. 1933, 197, 98. 
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YAM BEAN 

Fachyrhizus enms (L.) Urban = F, anguhim Ricb. 

Chin. Sar-gott. 

Tho r{)()t-tub<^r8 of the yam bean are used as food in the tr()pic8 of 
boiii h(*iniHphere«, particularly Central America and (liina. Rbusdakri 
found roolB iinporicd from C^hiiia on sale in the Chinese <inarterH of 
San Francinco, and the writera secured riiateriii! for stncly from New 
York “ Chinatown.’’ Probably the si)€cieH is indigenous ihrougliout 
the tropicH; although sonitj hold that it was introductni into ilu* Eant 
from tropical America. P. tuhemms Hpreng. (Jicaina), a native cjf tri)|>- 
ical An erica, has larger tuberouB roots. 

lli( -ipecirnens examined by both Hlasdalc and oiirselv«*B <lid not 
boil tender, but Chung and Ilipixuton- slate that, although the* akin is 
tough, the fic^sh is Bwcet and pleasantly flavonnl and of the c?(aisiHl<‘ney 
of potatoes. Blasdale nolcH that the chied us<^ of tins vegclabk? is for 
the preparation of starch which is said to l)C of cxcudlent (fuality. 

MACROSCOPIC STRUCTIJIIE.” ]dai^(lale’H ilhislralkm and lug. 1[> 
heniwitii nhow that this vegetable rcBembkxs a large, tint turnip, «!xccpi 
that it aljruptly narrows at both ends into tlie 
narrow root which, as in the ground nut, eon- 
neelK a series of tlui tuberoim enlargiummlH. 
There are a numlsu of depressions parallf‘l with 
the axis, and transverse lent icel-likc» markings 
occur all ovcir the surface. 

In cross section a <iirty y(dlow ring is evi- 
dent to 10 mm. from the surface farniiai by 
camhium and xylein elements. 

MICROSCOPIC STRUCTURE. 1 a tf-raf are 
is scanty on both the root and the stardi, which latter is said to !>e 
nui<k‘ in ( 'hiiui. 

Cork. The cork i)rf>p<;r consists of several tiers of efdls which in 
cross section arc isodiainetric or transversely (‘longjited and in .surface 
mounts are roiindtHi-polygonal ov'cr Ihf^ lentieel-liko markings but elsf‘- 
wh(‘re more nearly (piadri lateral. 

Cortex.— -The 'pamichi/ina <vlh are for tin* most paii is<Kiiametri(*, 
(‘ach containing either starch grains or (dse a prismatic crystal or a 
duster of such crystals, not combined, howewer, so as to ftjrm a typical 





Fkj. 19. — Tam Bean. 
Hoot. X Vi. (A.L.W.) 


» (I. S. Dept. Agr., Off. Kxp. Bta. 18911, Bub 68. 
^ Hawaii Agr. Kxp. St a. 1929. Bob 69. 
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rosette. The starch grams are of the tapioca type but are characterized 
by the great yariation in size. For further description and illustration 
see Commercial Starches, Yolume L Latest tubes are not eyideut. 
Numerous bast fibers, usually less than 15 m in breadth, with wide lumen, 
occur in groups in the inner cortex and outer phloem. 

Phloem.— Sieve tubes and conapanion cells form well-marked groups. 
Parenchyma cells of both bundle and medullary rays are in distinct 
radial rows. 

Xylem, — Groups of vessels at the camhium' layer form in cross 
section short rows ; other groups occur at intervals. The vessels are 
reticulated or pitted, up to 70 pt broad. Groups of hast fibers are present 
throughout. Starch is abundant in the parenchyma of the xylem and 
broad medullary rays. Crystal cells are distributed through, the tissues, 
often fomiing rows accompanying the bast fibers. 

Chikf Struotoral Characters.— Root-tuhers turnip-like, grooved 
at one end, narrowed at both ends to connecting cord; surface with 
transverse markings. 

Cork cells, except on markings, nearly quadrilateral. Starch cells, 
crystal cells with prisms, and groups of bast fibers in both cortex and 
inner tissues; starch of tapioca type. Yessels up to 70 p, reticulated or 
pitted. 

CHEMICAL COMPOSITION. — Blasdale ^ gives a single analysis of 
the tuberous root of P. erosus (P, cngulatus) sold in San Francisco, and 
he quotes analyses by Harrison and Jenman^ of roots of F. erosus 

Composition of Yi\M Bean Root 

vSugars, vSugars, 

Wafer ProUuii Fat N-f.ext. re- non-re- Stansli Fiber Ash 

ducing ducirig 


P. eroHua: 


n. and J. . 

8.5.70 

1.04 

0.51 

10.67 

1.38 

2.03 

0,71 

1.37 

Bkisdale. . 

78.09 

2,18 

0.18 

17.32 

1.84 

3,7F 8.45 

1.43 

0.80 

Agraoili.. . 

84.47 

0.82 

0.12 

8.93 



0.28 

0.38 

Ukumura . 

89.10 

0.95 

0.12 

8.68 

2.66 

4.29 0.61 

0.86 

0.29 

C. and R , 

87.34 

0.94 

0.03 

10.87 



0.47 

0.35 

P. luberoHus: 









H. and J. . 

82,25 

1.05 

0.30 

13.90 

0.26 

1.29* 8.46 

0.66 

1.84 


♦Sucrose. 

‘ U. S. Dept. Agr., Off. Exp. Sta. 18^9, Bui. 68. 

* Brit- Guiana Bot. (Jarden, Rep. Agr. Work 1891-2, p. 70. 
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and F. iubei'osus. More recent analyses are by Agcaoiii, ’ by Okuiniira,- 
and by Chung and Ripperton.** 

Okurnura isolaiecl adenine^ arginine, and choline. 

Phosphoms-Otganic Compounds, Fhytin . — In the root, Bagaoisan^ 
found 2.48 per cent, dry basis. 

Mineral Constituents.— Okurnura*^ reports an analysis of the ash, 
and Cdiimg aind Ripperton^^ give the following, on the basis of the 
fresli root: calcium O.OOO, phosplioniH ().()2(), and iron <).(M)19 pc;r cent. 

GROUND NUT 

ApioH inherom Moench = Glycim Apiim L. 

Er. (Jlycine tub6reuse. Ger. Arnerikanische Knollwicke. 

Throughout the United States east of the MissisBippi Hiver the 
ground nut or wiki \mxn, a cliinlung plant, grows wild in nioist phices 
and is cultivated to some extent for its fragrant ehocolate-ctdorcul 
flowers which are borne in compact rac(*ines. I'hf* tuberous roots are 
often described as tubers, hut neither t hoy nor the axis of which they are 
enlargeriHuils partak(‘ of the* charaeter.H of modified hUuus. ( )n cf Hiking, 
lliey are mealy and good flavonul. 

In its native laiui, the ground nut is praelieally tiiikiiown as a food 
and Airiericiiu authors are strangf‘Iy silemt as to its uutritivf* valu(% t>ut 
in €(uitral Europe it is grown as a substitute for potatts^s aixl ( Jen nan 
aut.hors give it du(‘ eousidcTation u.s such. 

A. fariunei .Max., cultivated in Japan, also lias e<iiblf» roofs. 

MACROSCOPIC STRUCTURE. When full grown the tufivroH,^ 
rmiti cinnamon brown with transvfT.se markings, reaching t h<‘ size 
of small Isads eggs wliieli tiny also re.seinhk; in shiqH*. lliey are iKiriie 
in s{‘ri(‘H, ili(‘ (aniiu'et ing root hfing shuidiu and c()r(i-!ike. On cMitting, 
milky drops exudcMrom all parts of the remarkably white flesh. 

MICROSCOPIC STRUCTURE. Cork, lids is well dewdoind. 
forming, as s(*en in cross section, about ten rows of eidls, I'he color of 
thf^ walls vari(\s from iirfnvn at- the surface* to yellow and tlien at the 
{)h(‘llogen layer to eolorless. 

Cortex. Isodiamet ric parrnrhymn nils form the grfoni<i ti.ssue. 

^ Pldli|)pin(i J. H(d. lOH), 11, 01. 

J. Tokyo Chtan. Soc, 1 1)20, 41, r)5fl. 

Ifawaii .-X^r- Jwp. Sta. 1020, }iul. 60. 

* PhiiijjpiiK* Ai^r, lUIVi, 21, 52. 

doc. cii. 

doc. eit. 
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Most of these contain starch grains, but some here and there, occurring 
often in longitudinal rows, contain beautifully formed single monoclinic 
oxalate prisms. The starch grains are usually less than 35 n in their 
longest diameter. In shape they vary greatly, the largest being often 
horned, beaked, or gourd-shaped with the hilum in the larger end. 
Occasionally they are united at the ends to form twins. Fissures, often 
crossing, may occur at the hilum, but there is no appearance of an 
elongated hilum such as is characteristic of leguminous seeds. With 
polarized light the dark lines cross sharply at the hilum. Narrow bast 
filers with narrow lumen occur sparingly, either singly or in small groups, 
often adjoining the crystal cells. Latex tubes are conspicuous because 
of their breadth and the size of the latex grains, which reach. 15 a- 

The Phloem contains starch but no bast fibers. 

Xylem.-— The vessels vary up to 130 p, in width and are intermediate 
in size between those of the yarn bean and kudzu. They are either 
reticulated or spiral-reticulated, or else pitted, the pits being usually 
narrow and slit-like. Starch cells, crystal cells and latex tubes, such as 
occur in the cortex, are also present throughout the bundle tissues. 

CniKF Steuctueal Charactbrs. — Tuberous root small, brown, 
ovoid, occurring at intervals along the slender root; flesh white. 

Gork cells in about ten rows. Vessels reticulated, spiral-reticulated, 
and pitted, up to 130 a wide. Starch cells, crystal cells with mono- 
clinic prisms, and latex tubes throughout. Occasional bast fibers in 
cortex. Hturch grains up to 35 p, variously shaped with hilum in larger 
end. 

CHEMICAL COMPOSITION. — Analyses of tuberous roots of the 
AiiKuican .sp(a’.i(‘s by Brighetti ' and of the Japanese species by Hemmi^ 
follow : 


(U).\ipi).sn’i<)N OK CJitoTJND Nut 



♦ ; . 1 lO'diiriiiK HUKiirH 1.15, iiiin-nMluciiiK fliiKHrs (Uixtri ii and galuc- 

« I 02'.;,. 


‘ Staz. Hper. a^r. ital. HKX), 33, 72. 

“ J. Col- A^r. Hokkaido Imp- Haiv. 191 S, 8, 33. 
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The heini cellulose of the root-tuber of A . iiiherom yielded on liydroly- 
ais Z-arabinosc and fZ-galactuso. 

MINERAL CONSTITUENTS. ■ Hciiuiii reporta the following a.sh 
constituents in the sample of which an analyrtis in given above: 
potash ().Ib59, lime 0.543, phoHi)h<)ric add 0.1 ICi, and silica 0.519 |ht cent. 

KUDZU 

Pueraria hirmtn Hchueider = P. Thunhmjiana Hentln 
Cliiii. Faii-kot. Jap. Kudzu. 

Species of this genus, nativ^oa of the Far Fast, were foriiuTly grouped 
under J)olichoH or PuchyrhiziiH, I'he kudzu viiici is mtieli (‘stemiuHl in 
China, Japan, anci tlio Houib(*rii part of the United States as an onia- 
mental. Jn the Orient it is grown al.so for its ihiekened tukrouH roots 
which are the source of an important stardi, and for the Htorii that 
yields a textile fiber. Tlie vegetable is sold in the (Timasf* C^tiarlf'rs of 
San Francisco and N(jw Y()rk. 

MACROSCOPIC STRUCTURE. Tlic; r(K)t-tulx‘r TPSf‘ml)ies an 
elongated sweet potato in form ami sixe. On llie fiiirface are nuinfucius, 
conspicuous, transversely (dongated lenti(‘cl-iike niarkiiigs. Ilie fh^sh 
is of a dirty yedlow color. As is tnuu)f many root vegetubleH, lliffh^sliy 
condition app<uirs to be dia^ in consi<lerablc degree to eultivatitin, rttofs 
of the plants used only for ornamentals being of ni(tderate thiekness and 
tougher than those (hw'elojH-d for starch pnKhiction. 

MICROSCOPIC STRUCTURE. The structure, whieii varies some- 
what in Bpe3cimenH from diflerent source's, rcsembieHlhat of theyjiin bean. 

Cork. Typical cork ecdls, more or le.ss tjuadriluterai in langiuitial 
section, form a prot(‘etiv(‘ c(»at stweral cells thick. 

Cortex.- The; (»f iKuirly isotiiametrie: eellH confaiiiH 

starch grains of llu? ta])ioca type (see ( 'oiiirnercial Starches, Vohime Ij. 
The muxiinum size of tlu* .s{/rrr/i uniiria varie.s, the diauuder reaching in 
some specimens about Ih a, iu others about twice tiuit size. Scattered 
through the ground liHsue are nuinerfuis bundles of h<id fibtrH with thick 
walls and narrow lum(*n, often accompanied by longif u<iinal rows of 
crystal cells containing k*aiitifiil oxalate prisms, forming rryMal fibm. 
Tubc,% containing clear, rich brown eonteiits, occur in (he inner pari 
especially adjoining the phloeiti rays. These may la* modified kttex 
tubes, less probably sieve tub(‘s, as appanmtiy the same kind of tubes 
occur in the xylem. 

Phloem. -The fiber groups extend well into tlie phhMuii, dwarfing 
the sieve iuh(^s. d'he parenchyma contains starch grains. 
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Kylem. — Tlie vessels near the cambmm ring reach a maxim-um of 
about 160 fi in diameter; further inward they are half again larger, 
measured througli the longer diameter. They usually have numerous, 
small, somewhat elongated pits. Pitted wood 'parenchyma accompanies 
the vessels. Fiber bundles, accompanied by crystal cells, are also numer- 
ous. These bundles may adjoin vessel groups or occur isolated. The 
cells of the xylem- and medullary-parmchyma contain starch grains and 
are in more or less distinct radial rows as seen in longitudinal section. 

Chief Structukal Chaeactehs. — Root-tuber fleshy, elongated, 
with transverse markings. 

Cork typical Cortex, phloem, and xylem with parenchyma con- 
taining starch grains of tapioca type up to 32 p, also numerous groups 
of bast fibers accompanied by rows of cells containing oxalate prisms. 
Vessels up to 250 p, mostly pitted. Occasional tubes with brown con- 
tents throughout. 

CHEMICAL COMPOSITION. — An analysis of the peeled root 
tuber by Chung and Ripperton^ fellows : 


Water 

Protein j 

Fat 

N-f. ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

68.66 i 

2.13 

0.05 

i 

27.08 

0.73 

1.45 


Mineral Constitxients.—Chung and Ripperton^ found in the peeled 
root tuber: calcium 0.066, phosphorus 0.069, and iron 0.0010 per cent. 

^ Hawaii Agr. Exp. Sta. 1929, Bui. €0. 

2 Loc. cit 












ROOTS OF THE SPURGE FAMILY 

( Euphorbiareai) 

V. f)f the family is the milky juice or latex. Scn'CTal 
CH of Jfevea yield latex froin which India riihlM^r in nijule. A mirn- 
ber of drugs, notably cantor oil, croton oil, and ciiscarilla hark, arc thc‘ 
prcxhicin of laomberH of the group. 

Food plantn are represented by emblic and bignay, descrihfHl under 
Fruits, by candlenut, described under Oil Bc^ecls in Volume I, and, most 
important of all, by cassava which in its root stores up Hiarchy food for 
millions. 

CASSAVA 

hUinihat spp. 

Fr. Ckssave. It. Manioca. ( Jer. Kassavn. 

Two KpfMues are r(‘‘Cogniz(‘<I, the bitter cas.sava (Mdfu'hni utilnMiifia 
Pohl) and the swf'ci cassava (M . Aipi Fold “ M. ifuiriH Fax var. Aipi 
Fax); bovv(‘ver, as with many (uillivated plants, it is not usually pos.^iblf* 
to d(d(‘nnirie tb(‘ botanical origin of tlu* nuiaeroii.s variciif‘s. Ihtter 
cassava contains hydrocyanic^ a<'i<l anil possibly other poisnnoii.s con- 
st iincaits, but. fh(‘.s(‘ (ii.sappoar on drying the pijlpi‘d rnol in the sutior on 
(looking. S\v(‘ei cassava contains iit) hytlrocyanic acid i»r a ncgligibli* 
amount, and is pre|)ar(*d bir the labh* like the .^\vc(*l pot ato and nt her ro<it 
v<*f»;(‘tabl(‘s. 

From bot h bitter and sweet (‘assava are {)r('pa red cakes, niia'il, starch 
(si'C \h)hinie I), and agglutinated sfarcdi coiumordy known as tiifiiocn 
or maiiioca. The yield of roots is (‘iionnous, thosi* of a single plant 
ranging up to Ih kilosarid the production per acre up t(>2U,tkt(} kilns. 

MACROSCOPIC STRUCTURE. 1’he plant is shrubby vvitli 
palinatfi /rere.s’ suggi'sting tlio.se of the horse-chestnut lull with hTcs 
more deeply partcal. Tlif‘ long fleshy roofs reach S cm. in diameter and 
over 1 meter in Ifuigtli. Although the plant has a milky juieo, this i.s 
tiot- conspicuous in 11 h‘ root as the (!ort(‘X and phliHUu are thin, the cain- 
hiuni lay(T i)(*ing only 1 to 2 min. from the surfaci*. 

microscopic' STRUCTURE. ( as.sava or tapioca .<tareh (sec 
V'olurne I) has been often de.sf*rihed, but no liloralun; on tin.* cellular 
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tissues is available. The following is based on an examiaation of the 
dried root of sweet cassava grown in Florida. 

Cork.— This forms a coat up to 20 or more cells thick, the walls in 
the outer layers being thicker and of a deeper brown color thaii those 
in the inner layers. 

Cortex. — The cells of the ground tissue are often transversely elon- 
gated but in longitudinal section are isodiametric. Stone cells with 
walls much thinner than the lumen occur in the outer layers, occasional 
crystal cells further inward. 

Phdoem. — The ground tissue of the bundle proper is of nearly isodia- 
metric cells, with little or no longitudinal elongation, in radial rows. 
The medullary cells are radially elongated. Sieve tubes and latex tubes 
are not clearly diferentiated in cleared preparations of the dried mate- 
rial. It is stated that sweet cassava root with a low percentage of 
hydrocyanic acid contains a relatively small amount of latex. 

Xyiem. — Vessels occur at wide intervals, especially near the cam- 
bium. They are mostly finely reticulated, up to 200 in diameter, 
oval in cross section. In the central portion, broad, thin-walled bast 
fibers occur singly or in groups. The ground parenchyma is of nearly 
isodiametric more or less quadrilateral cells, in radial rows. 

Chief Structural Chaiucters.— R oot fleshy, with cambium layer 
near the surface. 

Cork tissue brown, up to 20 or more cells thick. Cortex with stone 
cells and crystal cells. Vessels finely reticulated, up to 200 p; broad, 
thin-w ailed bast fibers in central xyiem. Starch abundant (see Vol- 
ume I). 

CHEMICAL COMPOSinOlf. — Moore, ^ in the examination of 
numerous samples representing different varieties of bitter and sweet 
cassava grown in Ihloxi, Mississippi, and Miami, Florida, found a range 
of 50 to 78 per (umt of moisture and 40 to 82 per cent of starch in the 
dry inatt.er. 

In the tabl<^ below, the results on the fresh whole root are by Bias- 
dab, ^ Adriano, Manahan, arirl liarros,-^ and Adriano;'^ on th(^ dried 
whol(’ root by Kliiig;’" on the p(H;lod root by J^lwell and Wiley on 
cassava meal by Ammann, ^ Wiley, ^ the analyst of the Imperial 

’ II. S. Dept. Agr,, Bur. Chcni. 1007, Bill. 106. 

^ ( t S. Dept. A^r., Off. Exp. Sta. 1809, Bui. 68. 

'* I Philippine A^r. 1920, 18, 119. 

M’hilippineJ. Agr. 1933, 4,281. 

M.an<Iw. Vers.-Stat. 1913, 82, 211. 

6 Am. Cheni. J. 1893, 16, 285. 

^Compt. rend. 1920, 170, 1333. 

® U. S. Dept. Agr., J>iv. Cheia. 1894, Bui. 44. 





Instituki^ ' and lianssoii and IkingisHon;'’ arul on cassava 

bread by Guabrado.'* 


CoMPOsmoN OF Cahrava IUkjt, Mkao, and Bkeai> 


i 

Hamples 

Water 

Protein 

I<’at 

N-f. 

ext. 

Htarcli 

Pen- 

toMinK 

Fibw Afih 



% 

% 

% 

c/ 

Jo 

0/ 

h 

e/ 


Whole Hoot: 









Blasdale , . . . 

1 

89.72 

] .58 

0.17 

15,05* 

12.01 


9.HS 0.93 

A.M.and B. 









Anpul^-** , 

1 

74.18 

1 .10 

0.18 

22.20 t 



1.15 1.10 

Kapo Whitxj 

1 

47.49 

: 2.68 

1.92 

45.821 



1.06 1.33 

Adriftao- . 

Many 

63.89 

0.9G 

0.26 

32.90 

21 M 


O.gf) 1.44 

Dried Hoot: 







Kling 









Original . . . 

1 

11.28 

1 .35 

0.27 

K;4.27 

73,51! 

2 (M 

1 .!« 1.X5 

Cleaned . . . 

1 

10.38 

1.25 

0.35 

84.36 

73.55 

2.15 

1.00 1.79 

Peeled Root: 









E. and W . . . 

1 

61 .30 

0.94 

0.17 

39). 50 

30 .08 1 


O.KH 0.51 

MeaJ: 









Annniann — 

6 








Min , . 


! !0,72 

2,93 



70 OO 


2, 10 12.48 

Max 


11 ,58 

7 43 



77 Q) 


2,73 2.HH 

Avfir .... 


11.09 

6.04 



74.76 


2,48 12.69 

Wiley 

4 



j 




Min 


5.11 

2.37 

0.29 1 

m.m) 

f)7.9)0 

2 415 

3.76 1 47 

Max 


7.95 

3.42 

0.5)9 ' 

85,89 

70. 13 

3 410 

3 94 

Aver 


6.75 

2.98 

0.42 

83.80 

64 28 

2 63 

5 08 1 96 

Imp, IriHf. 









S. Nigeria^ 

1 

114 

2 1 

11 

82.1 



I 8 1 r, 

MauritiiiH . 

1 

1 14,2 

1 1)5 

0 12 

7<> 52 



6 :i2 1 4)4 

7’ejeda 

1 

12. 20 

1 1,89 

0 02 

78 OHj! 

f)5. 7S 

4 14) 

H. and B. . . . 

1 


1.79 

0 61 

W) 05 



Bread: 








Guabrado. . . 

I 


11.25 

K fM) 

40 1 I 

i 


1,94’ 


liKtinj? ffiiKar fliirrfm*- fl.Vft',' . f Sufrum- O fth'','. f Known «b 

Dfxtriii n:M ^ P 2 <)?, f).074'; , 


Protein. — Of a tola! protr.in of 1.25 per (‘(‘iit in the cb*aii(*(i root, 
Kling'* found that- 1 i>er cent was Irue j)r()t4'in and 0.25 cent was in 
other forms. 

1 1912, Bui. 10, 562. 

OloLa^r. y cannioB Guatemala 1927, 6, 464; Int(!rn. Rev. A^r. prjH, 19, 1057. 

« Kgl. Landsbrukfi-Akad- Handl. Titi. 1929, 69, 132. 

GSauidad y Heneficienoia 1 922, 27, 14.5; Bui. Agr. Intel. 1022, 13, 12HL 
‘ I.rOC. cit. 
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Hydrocyanic Acid.— Moore ^ reviews the work of Francis and of 
Cannody, government analysts of Trinidad, and of Cousins, government 
analyst of Jamaica, from 1877 to 1904, showing hydrocyanic acid in 
bitter varieties as high as D.077 per cent but in sweet varieties usually 
less than 0.016 per cent. His own results on a number of varieties 
grown at Biloxi, Mississippi, show a range from 0.001 to 0.030 per cent 
and on those grown at Miami, Florida, from 0.0005 to 0.016 per cent. 
Collens^ reports in the edible portion of sweet and bitter cassava roots 
respectively 0.004:8 and 0.053 per cent. The hydrocyanic acid was 
evenly distributed when dug but after 3 days the portion nearest the stem 
contained twice as much as the terminal portion. Air drying caused 
an increase in the roots. Johnson^ reports in the whole root 0.006 to 
0.025, in the peeled root 0.007 to 0.021, and in the peel 0.015 to 0.042 
per cent. Ammann^ gives 0.002 to 0.008 per cent as the range in 
Cambodia roots, and Adriano® 0.02 per cent as the average of many 
analyses. 

Phosphorus-Organic Compounds. Phytin . — In the root, Bagaoi- 
san® found €.92 to 1.90 per cent, dry basis. 

Mineral Constituents. — An analysis of the ash of the peeled root, 
as reported by Wiley, follows: 


K 20 

NaaO 

CaO 

MgO 

FeaOg 

P 2 O 5 

SO 3 

SiOz 

Cl 

Sand 

CO2 

c 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

41 .r>3 

1 .20 

10.64 

7.36 

0.66 

15.58 

3.73 

0.94 

2.76 

7.15 

9,14 

0.31 


^ Ix)f:. cit. 

® Dept. Agr. Trinidad and Tobago 1914, 13ul. 14, 54. 

* Hawaii Agr. I'ixp. Sta. Rep. 1916, p. 24. 

* \ a ) c .. cit. 

cit. 

® Philippine Agr. 1932, 21, S3. 

^Loc. cit- 



ROOTS OF THE PARSLEY FAMILY 


( Umbdlijm') 

1A)UR fl(‘shy roots, (lovolojx^ti hy IjrocdiiiM fnirn the* normal 

foririH, viz., parsnip, carrot, ccicriac, und panslay, an‘ ]iw dascrilmi. 
llu^y are ricli in starch or sugar, (lojKnnling partly on tho Hf)i*cif‘H and 
partly on the t iino wh(*n dug. Volatile* nil is tin* chnraetori.stic* flavoring 
constituent. 

Classification.- Folk) wing are important food plants of the family, 
iiicIiuliTig not. only root vogedahFs hut also leaf and stoni vegetal flo.s and 
fruit (send) spices, groupcnl according to su!)-faniiiy, trik*, luni genus. 

CJmlospmnoF', 

I. Coriarulrea’. Cariandrutn (coriiintiiM’ ^). 

CUl rn ]} ylos j) mm'. 

II. Smndiceie. Anihruen.s (chi*w‘i\ ^). 

HI. Dmuinax . (carrot *)- 

IV. (Iuitn7i('iv. Ciiminnm (cumin 

V. P(’U€cA(ihr;r. Ptidinara (paisnip Aiulftum 

VI. An(/dirrn. Augtjim (ariKclicu 3;. 

VH. Fwyiiculunt (fi*iiiirl Miocik’i* •>, 

VIII. Arntniv:!. Pifnpinrlla AA'*triif/i (mrnxMiy ' FttnuH ji.-ti'-icy ' 

A pium (celery n 2. ( 'ryffhti;/ rtin (niil.'^ulta 

COMPARATIVE MACROSCOPIC STRUCTURE. N’m-mnl ro.^t.^^ 
an* (‘ilhf*r long and grioiually tapering (.muik* v.nrioties of earrot nnd 
most. vari(*lies of parboil)), .^horl and hmad ( lurtii} en i(>tf mI paruiip and 
eeleriae*), or (‘hih-.Khaj nal, ahniplly narrowing to a taildike root end 
(souk* variedie.K of carrot). ( '(‘loriac has a tangle (if >ecori(i;i rv roots, 
and all tls' sp(‘cie,<, if grown in hard, .''lonv' .''oil, toad lo hraarh. The 
surface of the* root.s is smooth <*.x(*c[)t for niniieroii.>. narrow, traii>\ crsel v 
(dongated l(‘ntiecl-lik(' raarkiiigs, from the eentor of which st‘t'ing thread- 
like rootlets. 

(hit tr4anHvcr.scIy flie* xylcrii aiul phloem are seen to he .diarpiy M'pa- 
rat(‘(l hy th(‘ etiiiihiuin layer which in (U'diiiarv sized roofs is from half 

‘ lieot. (vej'etai »!(*). 

* Stern ftrei l(‘nf ( vef'ctnhle). 

(h) 

SH 
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to ono-qiiartcr of th^ fligtance from the periphery to the center; conse- 
quently cortex and phloem form a greater proportion of the whole root 
than in cniciferc)u.s root.H. The outer cortex is usually of a more uniform 
color than the inner cortex, phloem, and xylem, which are commonly 
mottled and in the case of the xylem marked by radiating streaks. 
Breaking through the tissues are the bundles and accompanying elements 
of the lateral rootkits. These, in a root like celeriac, cause distortion of 
the zones which in other rnerntes of the group arc quite uniform. 

COMPARATIVE MICROSCOPIC STRUCTURE,— The cell forms 
are so nearly alike in all the common roots of this family that the descrip- 
tion given for parsnip suffices for all with suitable notation of exceptions. 

COMPARATIVE CHEMICAL COMPOSITION.-The solids of 
umbelliferous root vegetables consist chiefly of reducing sugars and 
sucrose, the fonner usually predominating. A moderate amount of 
starch is present during the growing season, but this disappears during 
storage at a little above freezing or, in the case of the parsnip, wintering 
in the ground. A minute amount of volatile oil contributes flavor. 
Orange-colored (‘arrols are among the most abundant sources of carotene; 
white carrots and parsnips, however, contain little or no pigment. 

PARSNIP 

Padinam saliva L. 

Fr. Panais. Sp. (Ihirivia. It. Pastinaca. Gcr. Pastinake. 

Tlu‘ parsni}) is a luitive of t(unpc‘raie lOuropc. As in the carrot, the 
fleshy <lfW(dopnierit of tlui root has been brought about by breeding and 
i.s lost after a liim^ when ih(‘. plant escapes from cultivation. The roots 
may he dug in ih(^ Fall and stored for Winter use, or they may be left 
in I ground ovf'r Winter and dug in the Spring. The latter procedure 
is comnionly pract ic;(‘(l, tlie roots being swee^ier and of improved flavor 
aftfa fr(‘(‘7jrig and thawing. 

As a. stew and soup veg(‘iablo, the parsnip is used like the carrot but 
is not so popular. It is huss likely to have a strong taste, even when 
grown to a large si/o, than the carrot, but its greater sweetness is objec- 
tionabk* to sonn;. In the Spring, after Winter vegetables are gone 
and bc'f()n‘ fr(‘sh oiu's arrive, }>arsnips fried brown are ndished especially 
with salt nifal, but few care for more than occasional indulgence 
in tlie disb. 

Parsnips are valuable for Spring feeding of farm animals, the problem 
of storage being solved by leaving the roots in the ground until 
needed. 
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MACROSCOPIC STRUCTURE,' — From the carrot tlic parsnip is 
distinguished by its broad leaflets, the ycllow~flower(‘<i uinhed, and tlin 
Binooih and niore flattened winged fruits which do not form a n(\si-like 
cluster, llie root Taries from white to yellow and dof*s not niri 
orang;o or red shades bo common in carrots. The ordinary va,rieties 
have a long tapering root which, wh(‘n grown in cl(‘cply tilk^d .s(h 1, is 
usually unhranched, often reaching 400 cm. in length. Another typii 
has a top-shaped root usually broader than long. On ibc^ surface!, which 
is otherwise smooth, are mimerous transverse lent iceddite^ markings 
or eyes, often several centimeters long and about 1 ruin, broad in tlie 
middle, tapering toward the ends, from the center of which spring one 
or more thread-like rootlets. 

In cross section (Fig. 20) the cambium zone, located iihouthalf way 
from the periphery to the eenter, is well marked by the gHHuiish color 
of the phloem adjoining on the outside and the yellow color of tin* zone 
of xylem rays adjoining on the inside. The cortex and outer phlornn 
are mottled white or crcam-coloreil, and the core of tlu! root is while 
and gray in irregular radiating streaks follow’lng along the imulullary 
rays, the peculiar appearance l>(!ing due to the prf‘sencc (d air in grou|Ks 
of cells. Here and there, as shown in Fig. 2t), traii.sv(‘rse bundh-.M run- 
ning to the lateral rootlete brf*ak through the* zonc.s of tissues. 

The stem is represented by a short crown coverejl with leaf biiH(*H or 
leiif Hears. 

MICROSCOPIC STRUCTURE. T!k‘ (l<*scripti( ,n which fidlew.*^ is 
based on the. examination of roots dug during tlie firowiiig seasnn. 
When the root.s wf'rc allowed to riuiiaiii in llu* frozen gnnind over Winter 
and (lug after tlie frost wa.s out of the ground in the* Spring, (he .starch 
grains were found to have entindy di.^appeareti, lia\*iug heon oioi vorlrd 
into soluble (‘urbohydrates. W'het.her thi.s <'bangf‘ tak<'.'-’ pla<'{* in regions 
whe^re tlie ground d(K\s not frieze was not ikderininod. 

Cork (lugs. 21 and 22, N; Fig. 2.'V). Several rows of rork <‘el!s, 
increasing in rarlial dianieter inward, are .setui iti cross sfuMioii. In 
surface view they are ino.stly tran.sversely elongated, usually of irre^^- 
ularly quaflrilateral form and arranged end t(» mid. In (he eye.s, about 
the base of the rootlets, the cells arc isodiametric. 

Cortex (Figs. 21 and 22, C). The colls of t.he outiw (‘.orte.x au! dis- 
tingiiished in cross section from tlif>.se of the cork hy tlaar greater size, 
thicker walls, and muriform arrangement. Starcli is absent or present in 
small amount in the cortex except wliere it passes intfi the phkHirii ring. 

Phloem (Fig. 21, P; Fig. 22). T/mgitudinal sectioii.s show the 
rounded {am}) and rectangular (arn^) sturrh rdl^, forming the paren- 
chyma of the phloem profMJr and the cells of the medullary rays (m) 
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also containing starch, the inconspicuous deve tules with plates, the 
narrow companion cells, the substitute fibers (f) with, blunt points, some- 


what thickened walls, diagonal pits, and 
granular contents, and the oil ducts (61) 
accompanied by rounded cells containing 
aleurone grains {al) up to 4 /i in diameter. 
The siarck grains {am, am?), absent 
in the cambium region and cells about the 
oil ducts, are partly round oi rounded 
polygonal, up to 10 g, those in the 
medullary rays being smaller than those 
in the phloem rays, and partly minute 
cornhiiied to form aggregates up to 20 g. 
Small aleurone grains are evident in the 
Spring after the disappearance of the 
starch. 

Cambium (Ihgs. 21 and 22, Cm),— 
The several layers of narrow elongated 
cells arc starch free. 

Xylem. — The walls of the parenchyma 
are thin in young roots but thicken with 
growth, contrasting strongly with the 
walls of the nKulullary rays which remain 
thin. Starch is abs(mt or sparingly pres- 




Fia. 20. 


Fig. 21. 


Fid. 20. Pur aiip. ]N;ot in cross section showing svlem rays, adjoining the cain- 

hiiiiii midway Ixjl.wccn tin; i)L*nphery and the center, and lateral bundles extend- 
ing tlireiigli cortex to rootlets. X 1. (A.L.W.) 


Fkj. 2L- -Ihirsnip. Root in cro.ss section. S cork. C outer cortex:. P phloem: 
/ sub.sfihitc! fiborH, (jI volatile oil cavity, al aleurone grains, am starch grains, 
7n medullary ray with .starch grains. Cm cambium. X xylem: v vessels, in 
e(‘iit(u’ cjf root surrounded by radiating parenchyma. X 160. (A.L.'W.) 


ent, except in the Auturnu when it is confined chiefly to the medullary 
rays. The vessels (Fig. 21, a) are of two types: (1) reticulated (Fig. 22, r) 
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with a tendency la Hpiral, np to 75 pt, occurring luont ly in t he enter zone, 
anti (2) pitted (pi) or mdarifonn^ up to 100 g, witii .s(*eeral (up to ten) 
rows of Blit-like pits, occurring nioKtly in the inner tissueB aiul forming 



Fio. 22. — Parsnip. I^^IcnionlH of rool, in loiiKiOidiiiul-raOinl wc-tioii. H fork. (J 
outer fort ox. Plilocin: , am- .•starch ('I'il.-i, o/ volatile oil liiiet n(lj<»ir»efi by 

e<'llK coiitniriine; al alouroiu' graiii.s / sijb.'^liluto til >01’.*^, Cm caniPioiii. .Kyloai: 
r ret iciilutf’d vcs.s^ls, pi pifloO vokn-cI.w, sr sfb-rerieli.vjna fells triif elifiu-*! VfH>ol,H), 
//i iiiediilinry ray. 100. (A.L.W.) 

centers for riidia ling panuK’hy Ilia. Thv lateral v<'.s,s<'Lm rnnning into tli(‘ 

rootlet H an^ narrow, many of them Ixung spinil. 

(’iiiKK S'rurc'rrKAL C 'hah.actkhs. It(»ot long tapering or nhort; 
(^olor wliite or yidlowLsh; (‘y<‘s triinsvensely e!(»ngat(‘<l with rootl«*t.s. 

(’ork aiul <'(>rtex eibls mostly trans- 
viM’soly elongated, quadrilateral. Phloem 
with sid).stifute fihor.s and volatile oil duets 
in addition (o sieve tuUes, eompanion <'f‘lls, 
and par<*ii(*hyma. Standi present in Antuinii 
in parenchyma , ineludiag medullary rays, 
of phloem zone. Ve.s.sols mostly spiral- 
ret ii’ula ted, tfir larger forms, up to ItH) /i, 
with short pit.s si«le by side in longitii- 
(liiiai row.s. 

CHEMICAL COMPOSITION. The 

average* c'ompositioii of wladi* par.snips, us 
gi\'(‘n hy Li nd.sey. Smith, and Ps-als, ^ and 
the average* ami liiait.s of the (*(iihlf‘ por- 
tion, as giviai by Atwatt*rand liryaaty’are tulodaied on the next page. 

Carbohydrates. While sugar in p(datoe,< imparls an uapli*asaut 
(lavor, in parsnips, us in swe(*t potatoes, the reverse is trm*. 'I he dis- 
appiuaranre of starch in the* r<totsI(*ft in the gnaiia 1 ovf*r Winter has heiui 
noted und(‘r .Miero.scopie Structun*. 

‘ M;iH.saehu.McltH Arf. PA j). Sin. lOP), S{s*e. Huh p. IZ. 

2 (’. S. I)ei)f, A^r., Off. 1 \x\k Stii. I<KM», Ibil. 28 rvy. 



row.s, Iran*- vcr.'C walls of .-i- 
oiut layer hidilcn tiy ilio 
of Ollier l.’iyrr, .* It 
(A.hAV.) 
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Composition of Parsnips 



Samples 

Water 

Protein 

Fat 

N-f. ext. 

Fiber 

Ash 



% 

% 

% 

% 

% 

% 

L., S,, and B, ; 

6 

1 






Aver 


80.0 

2 2 

0.4 

14.8 

1 .3 

1.3 

A. and B.: 

3 





Min 


79.5 

1 .4 

0.2 

8.5 

2 .5* 

0. 7 

Max 


89.2 

1 .9 

0.8 

16.7 

2 .5* 

1.9 

Aver 


83.0 

1.6 

0.6 

13.6 

2.6* 

1.4 


* 1 analysis. 


BoswelP found that storage at just aboYe the freezing point (1.5° C.) 
for 16 days produces changes similar to those that take place when the 
roots are left in the ground OYcr 2 mouths. The hydrolysis of starch 
and other polysaccharides proceeds more rapidly at 1.5° C. than at the 
usual teniporature of soil or cellar. While the roots are actually frozen 
the changes are slow. Quantitative results by Boswell amplify these 
observations. 

Mineral Constituents. — Following is an analysis on the basis of the 
fresh Yogoiiihle reported by Haskins;^ 


Wii1(‘r 

KA) 

Na/l 

CaO 

MkO 

PsOs 

C' 

/<i 

«/ 

/f) 

% 

% 

1 % 

HO. 3 

0,0)2 

0.01 

0.09 

0.05 

0.19 


Minor Mineral Constituents. Iron. — Root, 10.7 per kilo, fresh basis (Peter- 
1 .'HkI lOlvdijeiii).'' 

Cn/i/xr- Hoot 1.2 irifi;. jkm’ kilo, fr<‘.sh basis (Linclow, Elvehjem, and Peterson).'* 


CARROT 

J)iinruH carala \j. 

Fr. Carol 1e. Sp. Zanahoria. It. Carota. Gor. Mdhro. 

From lh(‘ wild carrot, a natives of the Old World and now a cokhuh 
politan noxious weed, has ixion derived the flosliy-roolod form now 

* M.'uyliiud \gr. 10, xp. 11)2^3, I3ul. 268, (>1 . 

MriHsachiKsotts Aji:r. Kxi). Hta. I 9 I 0 ,H[)eo. Hul. p. 95 . 

■M. Biol. Choio. nm, 78 , 215 . 

Mbid. 1920, 62, 456. 



94 


YEGETABr.ES 


regarded as one of the most wholesome of vegetables. The root is 
eaten during the growing season as well as througliout the Winter. It 
has excelhint keeping qualities. 

( 'arrots are not commonly canned alone in the Unihui States but are 
an ingredient of canned soups and in France an^ one of the* vegetables 
used in canned mixed vcgetal>les (mac€‘doine des Idguines). bornierly, 
and possibly still in certain countries, dried carrots were used m an 
adulterant of chicory an<l coffee, and carrot pulp as a stock for imitation 
jaiiris and pr(^s(^rves. As a cattle food, carrots are of na^ognizcil value 
altliough not exteriHively used. 

llie irdloreHcence and fruit of tlm wild form, the latkr 
contain iriati rig grain, are <leKcr{bed under Oil Volume L 

MACROSCOPIC STRUCTURE. As ordinarily found in the mar- 
ket, the carrot is orange colored! and th(^ parsnip in white; there are, 
hnwevi’^r, white carrots differing lit-tle in color from the parsnip, also 
there are rc<i varietic^s. The popular varhdies for human consumption 
are short or half long, ahruj)tly narrowing to a slender t(*rininal, hut 
othiir varieties, including some used for stock food, tajM/r gradually to 
the tip like the parsnip. Narrow, lonticel-like, traiiHV(*rse!y elongated 
eyes, with root kds Iik(* ihost^ of thi* parsnip, occur on tlie surface. 

Thci mottled appearance* of the 0 )rt<*x and outer phloem and the 
radiating appc‘arance of the xylein xoiie, !)oth due to diflerfniees in 
turgescimee, an* inon* striking in orange-colonui nirrots than in vvliite 
carrots and parsnips. ( omnion ganhui vurietie.s show on the tniiis- 
vers('ly cut surface an outer ring, 1 to 2 nun. tliick, of a <iark orange 
color (rortcj) passing into a /-om* mottled with lighter orange (eaf/r 
phloem) and thmi into a zone of luairly uniform greenish y^dlow eolor 
(inticr phlomn) adjoining the canihiuin layer. I'he xylrm zone is dark 
orarig(^ with lighlor-eohued ray.s. hNaminatioii of a cross section 1 mrii. 
or l(‘ss thick h(dd up to a bright light shows a very difTerent color selnuiua 
Tlie partsthat appfair dark on tlu* cut root are t ran.« lucent , of a liglit 
orange color in Ihi* parts outside the* eandtimn layer and iK*arly color- 
h'.ss in ^h(^ xylein zora*, wluTeas tin* p)arts which apfsaar light colored on 
th(‘ cut, root an‘ opaf|iif*. RuI)I)ing the* cut surface with tin* hack of thr* 
finger-nail produc(*H a uniform color in hoth (*as(*.s or boiling the root 
h(*fore sectioning brings about the .same* result. 

MICROSCOPIC STRUCTURE. h:xc(*pt for the of eliro- 

matophon's in orangi* or red carrots, tlie more robu.st devidopmimt of 
(‘(U’tain lissu(‘H of th(‘ ijursnip, and ditTerences in thc^ oecurr(*nc(* of 
.standi, the inicroseopic chaniebus of the carrot are practically the same 
a.s t.hosii of th(‘ parsnij). 

Th(^ rhnmiatffphm'H (Fig. 24, I), or orange i)igm(!nt crystals, of the 
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carrot attracted the attention of the early histologists arid are still 
among the best-known examples. Carotene, the substance forming the 
crystals, derived its name from this root. It is in the cortex that the 
chromatophores are usually most abundant, their presence being espe- 
cially noticeable in roots of highly colored varieties dug in the FaE after 
the starch has disappeared. Aside from their color, they are character- 
ized by their wedge-shaped, spindle-shaped, needle-shaped, and pris- 
matic forms- 

Guilliermond ^ has shown that, in the formation of carotene, gran- 
ular mitochondrias are first differentiated into leucoplasts from which 
starch grains are formed. In the remaining part of the leucoplast, pig- 
mented elements of a more or less crystalline nature appear, after which 
the starch grains are slowly ab- 
sorbed and the leucoplasts disap- 
pear little by little. Tswett ^ believes 
that none of the microscopic tests 
for carotene is satisfactory, The pot- 
ash method of Molisch and the 
resorcin methods of Tswett are not 
specific tests for carotene but for 
lipochromes of the carotene group. 

Tswett also doubts the purity of the 
red crystals formed in the acid test 
of Frank and Tschirch. 

llie relation of carotene to vita- 
min A is now a siiljject of extensive 
research. See Introduction. 

iSUirch g rains (Fig, 24, 1) , as noted 
above, occur in the saMie cells witli 
the chromatophores. d'hose in the 
cortex are small, occurring either singly or in small aggregates, 
h'urther inward, especially in the phloem parenchyma and medullary 
cells outside the cambium ring, they are somewhat larger, but so 
far as observed they are neither so abundant nor so large as 
in the parsnip an<l are further distinguished by their gradual clis- 
ai)pearance at later stages of growth. The mbsiitute fibers of the 
carrot, at least as grown for the table, are commonly not so thick- 
walled as those of the parsnip, and the same difference applies to 
the xylein parenchyma, especially the colls accompanying the vessels, 
ddio maximum breadth of the teasels (Fig. 24, r\ r-, r^) is also less than 

‘ Compt. rend. 1912, 155, 411. 

*B. deut. hot. Ges. 1911, 29, 630. 



Fig. 24. — Ciirrot. I cortex in radial 
longitudinal section showing rounded 
starch grains and crystalline chroinat- 
ophor(;s. II outer xylem zone in 
radial longitudinal section: r-, 

and r'* reticukted vessels, p paren- 
chyma, c eainhiuin. X 160. (A.L.W ) 
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in the parsnip, and the presence of several rows of short pits, such as 
are shown in Fig. 22, pi, is unusual except in the center of rank-growing, 
coarse-textured varieties used for stock feeding. 

It always should be remembered that since roots of bicmnial plants 
dug during or even after the first season's growth have not, like mature 
fruits and seeds, reached a definite limit of development or rif)ene88, 
cells and cell contents are more or less variable in fonn and size. 

ChUKF Structural Chahactkrs. — Hoot long and taiKTing <jr short 
and abruptly narrowed; color red-orange to yellow or white. 

(jhromatophorca in cortex and phten. SiihHtitubi fil)ers and 
xylein parenchyma tliinner-walled and vessels tisually siiuiller than those 
of parsnip. Starch largely disappears }>y Fall. 

CHEMICAL COMPOSITION,- Lindsc^y, Smith, and Beals ‘ record 
the average composition of 15 samples of carrots, v. Hcihleinitz^ gives 
the average composition of cuirly and late varieties, and Atwater and 
Bryant'^ show the range and average conipositi^m of the e<Iible part of 
18 samples. 

Composition of Caheoth 


8arn|>IpH|VV»<<T 


Pro- 

tinii 


i»ro- 

Unii, 

pun* 


Fat 


N-f. 

(»Xt. 


FiiiiT 


Anh 


L, 8., and B.; 


Avoir 

V. Kchleinitz: 

89 0 

1,0 


0 1 

7 9 

! 

1 0 

Lat.c vnri(‘ti<*H, avor . . 

89.62 

a 90 

0 74 

0 31 

7 46 

0 93 

0 79 

Early variotioH, avf‘r. 

A. and B.; 

89.46 

1 16 

0.75 

0 28 

7.17 

1 1 10 

0 85 

Edible i>urt (H()%), . . 








Min 

8.3. I 

0.7 



e, . f) • 

o.r, 

o.n 

Max 


2.0 


0,7 

3,H* 

2. .3 

1 V) 

Aver 

88,2 

11 


0 4 

9.3* 

l.lt 

10 


♦ I f ir> «-'u 

For several y(‘ars AVrenskioId antiIyA(‘d roots sohmiffed hy Nor- 
WPgitin jigrieiilturtil societies, the re.^ults for the yi'ar 1K9B ‘ Indiig of 
sptadal interest boeauHiMif the wi<le range in |)erer*ntage.s of siiernse and 
reducing sugirs. 


' MiiHHJiehiirtuttB .'\gr. Idxp. Stii. 191 U, Spoe. Bal. p. 19. 
* Landw. Jalirb. 1918, £2, 131. 

^ t^ S. l>cpt. OfT. Kxp. Sfa. Pul. 28 rov. 

‘ Chem. Control S( a. Chriatiania, Kcp. 1893, p. 11. 
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Composition- of Careots (WEREisrsKioLi)) 
(Results oa dry basis) 



Samples! Water Protein 

Fat 

N-f. ext. 

Sugars, 

re- 

ducing 

Sucrose 

Fiber 

Ask 

Min. . 
Max . . 

21 83.73 5.47 
21 89.72 12.19 

0.49 

2.10 

68.34 

74.90 

13.37 

45.63 

10.76 

34.61 

00 So 

6.52 

10.02 


Expressed in percentage of the total nitrogen, the amide nitrogen 
ranged from 37.5 to 60.0 per cent. 

Changes in Composition During Development. — The following 
analyses ^ of Earl/ Long Orange carrots were made during different 
stages of development. 


Composition of Carrots at Different Stages of Db-velopment 


Date 

Weight 

Water 

Protein 

Fat 

N-f. ext. 

Fiber 

Ash 


K- 

% 

% 

% 

% 

% 

% 

June 9 

0.4 

88.40 

1.26 

0.44 

6.71 

0.62 

2.57 

June 19 

0.9 

88 .20 

1.17 

0.72 

6.74 

1.62 

1.55 

June 25 

16.0 

87,40 

1 .18 

0,34 

8.55 

0.99 

1.54 

July 3 

18.2 

87.70 

1 .22 

0.57 

7.54 

1.51 

1.36 

July 10 

38.0 

87.30 

0.98 

0.46 

9.03 

0,90 

1.33 

July 20 

74.0 

87.50 

1 .03 

0.66 

8.44 

1.11 

1.26 

Oct. 15 

157.0 

84,30 

1 .66 

0.50 

10.74 

1.25 

1.55 

Oct. 25 

697.0 

85. so 

1 .99 

0.62 

7.70 

1,55 

1.34 


Analyses made by Pktenius- 60 and 153 days after planting show 
resp(‘ciively as follows: protein 11.84, 8,67; true protein 7.71, 4.79; 
nulueing sugars 23.24, 8,40; sucrose 15.53, 33.91; starch 2.52, 1.43; 
filicir 9.50, 7.30; lignin 2.9S, 1.95; calcium 0.()5(), O.Otl; and phos- 
phoric acid 1.35(>, 1.031 per cent, dry basis. 

Composition of Varieties. — Analysers };y Hhutt'^ of the same vjiriedos 
grown tw'O successive ^^ears show marked diffiua^nces in siig<ar content 
bub much smaller differences in the content of dry matter. 

^U. S. Dept. Agr. Rep. 1883, p. 231). 

2 Plant Pliy.siol. 1934, 9,671. 

^Canada Dept. Agr. Dom. Chern. Rej). 1910, p. 211; 101 1, p. 179. 



9S 


yRGRTABLES 


COMFOSITIOI^ OP VaRIBTII 38 OP CARIi(/l’8 (iSiHITT) 



1909 

1910 

Water 

Solids 

Sucrose 

W'ater 

Solids 

Sucrose 


% 

% 

% 

% 

% 

% 

Ontario Champion 

89.17 

10.83 

3.19 1 

39.04 

10. m 

6.92 

I lalf I-rong Chantenay . . . 

88.44 

11.60 

3.30 

39.64 

10 .36 

3.44 

Improved Short White. . 

90.46 

9.64 

1,33 

39.85 

10.16 

2.33 

Mammoth White Ina^r- 







mcidiate 

89.90 

10.10 

2.03 

39.97 

10.03 

3.25 

White Belgian 

89.93 

10.37 

2. 00 

90,62 

1 

9.33 

1.22 


Losses on Boiling.- Snyder* hm Bhown iliat on boiling carrotH a 
groat loss of nutrientH takes jilaco whioh can \h\ |>artia!Iy avoir !(*<! by 
cooking tlie rootn whole. 


liOHBBH ON COOKINC (JAItKOTB (HnYOKH) 
(Force II tag{*H of totiii amount oi « 


SoIidH 

To till N 

Sugars 

.\Hh 

r ' 

, ( 

i ' 

,( 

i ' 



42.5 

26 0 

47 3 

23 5 1 

27 5 

26 5 

' a 7 3 

20,2 

20.0 

1 

15 n 

1 i 

29 3 


Proteins. Acroniiog in (oliii, Gros.s, and Johiisf;!], •' carrot juice 
haw the iH()elcctri<! point a.s a solution of the globulin tuherin a,s it 
in potato juice, the chief disfirK'lion iM'ing in the* largi* precipitate 
with alkali whiefi nearly crpinls that formed with acid. 

Isolat ion ami study of carrot protein.s, it in Iiojn'cI, .'^oon will Itc under- 
taken. 

Nitrogenous Bases. Choliuv is statecl by Sehub.c ami to 

oe(*.ur in ib(» <'arrot. I)oul)tl{‘ss other i)a.^eH are present. 

Carbohydrates. Analys(*s of deliydrated (»!irrot.s i^y Falk * .show 
an appanuit. increase in starch at the (‘xpense of alcohol- .and wafer- 

‘ r. 8. Dept. Aja;r., OfT. Kxp. Sta. !.S<i7, Hul. 43, 7. 

‘J. ( i(*ri. rhysbl. 14fi. 

‘ Z. {diVHiol. ('hem. 1912,81,53. 

M. hai, Kiig. Cheiii. 1910, 11, 1133. 
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soluble carbohydrates. This may "be due to the failure of water and 
alcohol to penetrate into the hard lumps. 

Caeboiitdratbs of Fresh and Dehydrated Carrots (Falk) 


(Percentages of total carbohydrates) 



Reducing 

sugars, 

direct 

Total 
sugars * 

Dextrin 

and 

soluble 

starch 

Insoluble 
starch 
(by dif.) 


% 

% 

% 

% 

Fresh 

57.1 

92.2 

2.7 

5.1 

Air-dried 

63.8 

85.7 

3.7 

19.6 

7aciium-<iricd 

j 

43.5 

74.2 

4.2 

21.6 


* Total roducing sugars after hydrolysis of alcohol extract. 


Pentosans. — Sebelien^ found in carrots 8.4:3 per cent of pentosans 
and 2.59 per cent of methylpentosans, on the dry basis. 

Pectins. — Results obtained by Buston and Kirkpatrick ^ indicate 
that the percentage of protopeetin in the stele or central cylinder is 
much higher than in the cortex, although that of the true or middle 
lamella pectin is practically the same in both parts. 

Phosphorus-Organic Compounds. Phytin . — In the root Bagaoisan^ 
found about 5.27 per cent, dry basis. 

Colors. Carotene . — The nature and chemical structure of the two 
fornns of carotene, a and /?, are considered in the Introduction, 

Determinations, made by Smith and Milner^ on a-carotene from 
carrot root, gave melting point 182.3 to 182.7'^ C. and specific rotation 
in benzene at 16 to 19'^ C. with C light 297 to 311°. 

Mineral Constituents. — Following is an analysis on the basis of the 
fresh vegetable reported by Haskins:® 


Water 

Ash 

K2O 

NazO 

CaO 

MgO 

PjOs 

% 

% 

% 

% 

% 

% 

% 

89.8 

0.92 

0.51 

0.05 

0.07 

0.02 

0,09 


^Chem.Ztg. 190G, 30, 401. 

^Ann.Eot. 1931,46, 519. 

3 Philippine Agr. 1932, 21, S3. 

^ J. Biol. Chem. 1034, 104, 437. 

® Massachusetts Agr. Exp. Sta. 1919, Spec. Bui. p. 91 
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Minor Mineral Constituents. Iron. — Root 10 mg. per kilo, frwh biiHin (Iljiugor- 
mann).‘ Eo(>t2.2 nig. por kilo, fresh lifiBiR, 17.6 mg. per kilo, dry bfiniR (( *u<'‘rithault).® 
Root, $ samples, 111 to 3«10, aver. 204 mg. per kilo; leaves, 5 sanipkiH, 355 to 765, 
aver. 617 mg. per kilo, dry basis (Ilemingkia and Hliiver).® Root 16.7 mg. per kilo, 
fresh basis (PetxTHon ami Klvehjeni).^ 2 siirnpIeK, 4.3, 6.4 rrig. per kilo, fresh 

basis (Toseard and Ri^znikoff).^ 

Aluminum. — Root, young 30 mg. per kilo, old 22 mg. {H'rkilo, dry basis (liertrand 
arul Ldvy).® 

Manganese. Root, Kswirniilos, Uhl to IK). 6, aver. 42.2; leaves, 5 sarnpbs, 5I.f) to 

aver. 121.1 riig. per kilo, dry b)a«iH (Remington and vShiver).’’ 

(hpper. Root 11 mg. per kilo, dry basis (Maquenne and Deriiotissy).^ Hoot, 

H sarnpleR, 7.5 to 14.4, av(T. 10.7; leaves, 5 samples, 0.6 to 21 .H, aver. 12.4 mg. per kilo, 
dry basis (Reiningf.oii and Shiver).^ Root 2.2 ing. per kilo, fresh basis (( SmTitliauIt},® 
Root 0.8 mg. per kilo, fresh basis (Liridow, Rlv(*hj«ni, am! Peterson).® 

Zinc,-^lir>()t 5 mg. per kilo, airnlry basis (Hirekner).^'* Root l.l mg. per kilo, 
fresh basis (Bertrand and Iktnzon).” Root 20.5 to 43.1 mg. f>er kilo, dry basis (llnh- 
bell and Mend(d),‘^ 

Arsenic. — Itoot 0.05 rrig. per kilo, frt'sb basis (.Judin and AHtnte},'' 

Iodine. — Root, prescnii (Wiriterst.<'iii).*^ 

TURl^ IP-ROOTED PARSLEY 

h(tr(vrisc HfdTm. 

Hiuiihiirg; (yr i uniip-rootfMl |>arsl(*y is :i flosliy-nyolrd variety of 
parsley analog(ytis to cchaRu' and Iik(* the lafkT nf nnieh la.^^siiiiparfancf^ 
than ihf^ Ic^nfy forms. 

MACROSCOPIC STRUCTURE. The rmi n‘S(*inbles a muiW parsnip 
in appeiirniiee and flav'or. 

MICROSCOPIC STRUCTURE. The .stfirvh (/I’fifHs miige up (f) 
10^ and occur singly or in small aggregnfes. I'he ve.^^sels rang(‘ up b) 
65) /i ar(‘ mostly nd ienlat(*(i or \vith .‘^(‘veral rows of pits. ( )ther 
<‘Ieineiil.s e()rr(‘sp()n(i vvitli those of <h(* parsnip. 

‘Sherman: 11. S, I)i'pt. .\gr., OIT. bxp. St.'i, I'.HIT, Hub 186. 

Htompl. lend. P.)2(), 171, 166. 

M. Ash. OIT. .\gr. ('licm. lO.'K), 13, 126. 

M. Hi(d. Cliom. 102H, 78, 215. 

Nutrition 1!).'14, 7, 76. 

'^Clompt. rf*iid. P.KU, 192, 52.5. 

Mbid. 1620, 170, K7. 

® bid. HOC. byg. alim^'rd. 15, ‘isiJ. 

M. Biol. Chern. 1626, 82, 4f).5. 

» Ibid. 1616, 38, 161. 

“ Hub HOC. byg. aliment. 162.S, 16, 457. 

.1. Biol. (Jlmin. 1 1)27, 75, 507. 

(’ornpt . rend. 1012, 165,201. 

Z. physiol. Chern. 1618, 1(H, 54. 



CELEBIA.C 


101 


CELERIAC 

Apium graveoleM L. var. mpaceum DC. 

Fr. C41eri-rave. Sp. Apio nabo. It. Sedano lapa. Ger. Knoll-Sellerie. 

Turnip-rooted celery or celeriac is a variety of the same species that 
produces edible leaf stalks (see Celery) and celery seed (see Folume III). 
It is much used in Europe but, although cataloged by Ameiican seeds- 
men and grown to some extent on a commercial scale, is little known 
except by the foreign population. 

Used in soups and stews it imparts a desirable flavor; as a salad vege- 
table, cooked or raw, it also has merit. 

MACROSCOPIC STRUCTURE. — The main root is short and broad 
with numerous secondary roots at the bottom and along the sides, form- 
ing a tangled mass. Some seedsmen advertise smooth varieties, but 
their illustrations of these are far from smooth compared with well- 
grown parsnips or carrots. 

The secondary roots are sometimes trimmed off close to the main 
root before marketing. 

MICROSCOPIC STRUCTURE. — The numerous secondary roots, 
some springing from well up on the main root, naturally bring about 
much distortion of the zones of tissues which in the parsnip, carrot, and 
other roots, when unbranched, show an orderly arrangement. In the 
form and kind of tissue elements the root corresponds closely with the 
parsnip, but starch disappears completely if the roots are left in the 
ground until Fall. 

Chieb^ STKuerruRAL Characters. — Main root short, white, with 
numerous mucli- tangled secondary roots. 

Structure practically like that of parsnip except that arrangement 
in zones is less orderly, owing to the secondary roots, and starch dis- 
appears by Fall. 

CHEMICAL COMPOSITION.— Sec Celery. 

Minor Mineral Constituents. Marigariese.—'Rooi 150 mg. per kilo, dry basis 
(Quartnroli).^ 

Copper.— Root 133 mK. per kilo, dry basis (Quartaroli).^ 

Zinc . — Root 2,1 mg. per kilo, fresh basis (Bertrand andBenzon).^ 

Iodine . — Present (W in tors tein). ® 

1 Ann. chim. appl. 1928, 16, 47. 

^ Bui. soo. hyg. aliment. 1918, 16, 457. 

® 2. physiol Chem. 1918, 104, 54. 



ROOT-TUBERS OF THE MORNING-GLORY FAMILY 

(Convolmlace^i) 

Thij] BWCiit potato, the one species of iinporlanai as a food, i« 
( l(^scri}>cd below. 

March graim, oxalate rosettes, und Mex are tlic visible cell eonienis. 

SWEET POTATO 

Jpmrma Batatas Lain, = Batatas edv Us ('hois. = Convolvulm Batatas L. 

Fr. Paiate douce. Bp. Batata. It, Fatata. (i(‘r. Biisne Karioflel. 

Believed to he a native of tropical America, the sweet potato, a 
creeping or 1 (‘sh often twining plant, is now cnltivatx'd tliroughout the 
tropics and Huh-tropics. It is a popular root vegetable in the IJnit^ul 
States, })eingto the South wdiat the common or white |)f)iatr> (known in 
the Sou til as Irisli potato) is to the North. Although the crop may 
grown as far nortli as southern New Fnglarui, it^^ succesHful culture is 
limited to wanner sect ions which supjily both the northern and son them 
markets, also the ciiiineries where the pared veged ahlc is packed. 

Two t.ypes of pot ato are cultivated : (1) t he mealy or dry, com- 
monly with light yfdlow fl(*sh, and (2) the soft or moist, with light yellow 
or (k^ej) orange tl(‘sh, especially rich in sugar. The former is preferred 
in the Nortdi, t,he latter in the South. 

(kinimonly the tieshy root is boiled or baked without paring. It is 
also baked, after paring, with sugar, the <iish Indrig known as ‘'candied 
potatoes/’ Swec*t potato pies resemlde closely those made from i>uinp- 
kins and sfjuashes. 

MACROSCOPIC STRUCTURE. Most of the parli(‘r authors and 
Artschwager’ among rc ‘cent authors eorisificr that the sweet fiotato is a 
tuberous root or root-tuber and not a true fstem) t ulxT. Ifaak* ancl 
Kamerling,*^ however, believe that it. is a Inn* (stem) tiilxT. If it is 
a true tuber, the arrangement of the hiindk* fdrunents and the nature of 
the vessels are3 most unusual. 

M. Agr. Res. 1924, 27, 157. 

® PI an ton k unde van Indio, Seniarang, I892,p. 186. 

Ml deui. hot. (lea 1914, 32, 352. 
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The root-tvhers are more or less spiadle-skaped with white, yellow, 



salmon-ied, or purple skin, and flesh vary- 
ing from white or cream colored to orange, 
the color being intensified by cooking. Even 
when the flesh on the whole is light colored, 
the cambium zone, situated about 3 mm. 
from the surface, is dark orange and the 
xylem rays are medium orange. 

MICROSCOPIC STRUCTURE.— Earlier 
authors on the microscopy of foods confined 
their attention to the starch. Artschwager ^ 
describes the whole root with notes on 
internal breakdown. 

Cork (Fig. 25, S; Fig. 26) .—As seen in 
strippings from the boiled vegetable, the 
cells approach quadrilateral in form and 
are arranged for the most part in transverse 
rows. On treatment with sodium hydrox- 
ide, they become golden yellow. Cross 
sections show that the layer is several cells 
thick. 

Cortex (Fig. 25, C). — Starch parenchyma 
makes up the bulk of the tissue. The cells 



Fia. 26. 


Fi€. 25.— Sweet Potato. Tuberous root in cross 
section. 8 cork. C outer cortex with am starch 
colls and cr ciystal cell. P phloem zone with s 
sieve tubes, c cornpamion cells, and I latex cells. 
Cm cambium, and xylem groups with 

yi, v^, and ^vessels. X 160. (A.L.W.) 

FiQ. 26.— Sweet Potato. Cork of tuberous root in 


Fia. 25. 


surface view. X 160. (A.L.W.) 


1 Log. cit 
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are rounded with small iaiercelliilar spaces at the angles, and the 
starch grains (am) are of the tapioca type, increasing in size from with- 
out inward, reaching a maximum of about f)€ n (see Oommercial 
Starches, Volume I). Crystal cdk (cr), eacli containing an oxalate 
rosette with points of te crystals unusually long an<l Blender, and 
latex cells f such as described Ixilow, are distributed among the 
starch cells. 

Phloem (Fig. 25, Fig. 27).— The sieve tubes (h) and emnpnnion 
ceMs (c) are of typical form. As seen in longitudinal scHdion, the starch 
cells (Fig. 27, p) are for the most part kmgitiHlinally elongated and 
arranged in radial rows. The starch graim {am) arc like theme of the 
inner cortex. 

Of special interest are the latex cells (Figs. 25 and 27, /), which are 



Fio. 27. 



Fia. 2S, 


Fio. 27. — iSvvfct. I’ofiito. 'I'lil »f*rnu.M root in lonf^ihiciinal wefion through ramhium 
jincl plilociii zono.H. an caiiihiiiin; s nic'Vf* fubfH; r cotiiiiJOiion p Hfarrli 

parciH’hynui wilfi a/n .slarcli j^rain.s; I latex (•f'll.s; m medullary cell.s. / 150, 

(A.L.W.) 

28 . -Swcoi Polale. Ve.'^.scls of tnlnTfuiH root, in lonj^itud inal Hcrt ieii. IGO. 
(A.L.W.) 


n'odily distinguishod from the panuKdiyrna eoll.B liy thoir dnrkcT color 
and their granular contends staining yellow with iodine in poias.siiuu 
iodide. They are true <‘(dls, not latex tulH's such as are caiiiinon in 
composite roots, and the latex appears to 1 k‘ of a reHiiioiis natun*. See 
Do Bary’ and Sachs^ and tin* authors (pioted by thmn. 

The ei^lls of tlu^ rnrdiilUmj rays (Mg. 27, vi) are rf‘(*ognized by tlndr 
radial elongation as sc'en in longit udinal seetion. 

Cambium. (Fig. 25, Cm). The cells form a distiriet zoruj ahfuit the 
root, not interrupted as in the potato. Small ehroriiat oplioren gi ve them 
tladr orange color. 

^ Corni). Auat. Phan. FprnH, Oxford, 1884, p. 1,50. 

* Phyaiol. Plants, Ijondon, 1 887, p. 180. 
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Xylem (Fig. 25, Fig. 28). — The vessels are of the pitted 

type with round or elongated pits seldom large enough to form reticu- 
lations. They reach 80 /x in diameter, being largest in the axis of the 
root. The nature of these vessels and the absence of large spiral or 
spiral-reticulated cells are evidence that the sweet potato is a tuberous 
root and not a true tuber. 

About many of the vessels (Fig. 25, v^), separated from the cam- 

bium ring by parenchyma, is a cobweb tissue of obviously meristematic 
cells which may entirely surround the vessel, forming a closed ring, or 
be lacking on the outside. The fleshy growth appears to be due in con- 
siderable part to the activity of these cells, as well as of those of the 
cambium ring. This peculiar structure, which occurs in other roots 
(see Rutabaga), is considered at some length by De Bary,^ who quotes 
other authors. 

The starch grains of the tissues inside the cambium layer are like 
those outside except that they reach their maximum (50 /i) here. Latex 
cells arc also present. 

Chief Structural Characters. — ^Tuberous roots spindle-shaped, 
white, yellow, red, or purple with white to orange flesh. 

Cork cells in strippings quadrilateral in transverse rows. Cortex, 
phloem, and xylem with starch cells, crystal cells, and latex cells; starch 
grains of tapioca type, up to 50 jx; vessels pitted, up to 80 /i, often sur- 
rounded by meristematic ceils forming a cobweb tissue. 

CHEMICAL COMPOSinOH.— The summary below includes 
analyses made by chemists at the U. S. Department of Agriculture and 
at tlie ( 'onneciiciit, New York, New Jersey, and South Carolina Experi- 
ment Sta tions prior to 1891 as given in Jenkins and Winton's Compila- 
tion, - by While, i)y Failyer and Willard,"^ by Morgan and Ross,^ by 
Price, by Jaffa and (birtis,^ by Agcaoili,® and by Adolph.*^ Agcaoili’s 
sarripk^ was grown in the Pliilippines where the vegetable is known as 
aimole, Adolpli’s in (Jiina, the Cihinesc name being hung-sku. 

liiasdahi ‘'‘found on sale in the Chinese Quarter of San Francisco two 
peculiar varieti(^sof sweet potato, one yellow with angular pointed ends, 

Arint. I’hnn. Ferns, Oxford, 1H84:, p. 006. 

nj. H. Di'pL Agr., Off. Kxp. Sta. 1892, Bui. 11 

■' ( Ap!;r. Exp. iSia. 1891, Bui. 13. 

' KaiiHaH A^r. ICxp. Sta. 1891, Bui. 32. 

'' Louisiana Af^r. Sta. 1892, Bui. 13, 314-. 

'’I’exas A(;r. Exp. Sta. 1803, Bui. 28, 329. 

’ California Agr. PYp. Sta. Rep. 1893 4, p. 219. 

* Philippine J. Sci. 1916, 11, 91. 

“Ibid 1926.30, 287. 

S. Dept. Agr., Off. Exp. Sta. 1899, Bui. 68. 
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Composition of Swebt IVi'atokb 


Hamples Water 

Protein 

h’at 

N-f.cxi. 


I '3 her- 

Ash 

Jenkins and Winton: 

Min 

55.96 

0.45 

0.28 

17.98 


0.60 

€.66 

Max 

74,38 

3.56 

0.60 

29.72 


2.60 

1.34 

Aver, 

71.07 

1.49 

0.37 

24.78 


1.27 

1.02 

White: 

Min 

70.40 

1.03 

0.22 

23 .26 

2,28’ 

1.03 

0.88 

Max 

73.26 

1.90 

0.30 

25.07 

2,62‘ 

1.52 

1.22 

Aver 

71.77 

1.36 

0.28 

24.34 

2. 43* 

1.23 

1.02 

Fiiilycr and Willard: 

Boiitherji Queen, 

59.77 

1.78 

0.28 

26.22 


0.8B 

1.0© 

Ile<l Bermuda. . . 

71.32 

1.89 

0.19 

24.75 


0.74 

1.11 

Morgan and IIobb: 14 

Min 

58.46 

1.00 

0.54 

25.24 


0,70 

l.OI 

Max 

59.45 

2.41) 

1 .32 

37.12 


1 .09 

1.30 

Aver 

S4.32 

1.67 

0.80 

31.18 


0.91 

1.12 

Price : 2 1 

Min 

58. H5 

0.85 

0.55 

15.38 

2.77t 

0.71 

0.86 

Max 

79. D4 

4.37 

1 .56 

34.42 

II .90t 

1 .80 

1,58 

Jaffa and CurtiK: 17 

Min 

52.94 

1.09 

0.40 

18.41 

.151 

1 ,58 

0 70 

Max 

75 .m 

3.42 

2.50 

43.62 ]20.Hfl} 

4.54 

1 . 98 

Aver 

59. 90 

2.08 

1.00 

24. M 

5 . 65 } 

2 62 

1 16 

AKcaoili 

71 .20 

0 . 55 

0.52 

2,3 37 


I .35 

0,91 

Adolph 

HI .50 

1.34 

0 .95 

16.2,3 


9.31 

0.47 


'* An sii(*r(M?K‘. t Htigar 
avor. 


•rsinri 2 . Oh to fi.74‘‘f . J.^nicftr hoforn itivrrpimi (J.7H Ifi 5,54, 


n^BoniMiriK a truo yarn, tho otb^r roi with rouiidi^d <‘IuJk, ihr* aiialyHiB of 
whi(jh follows: 


Wator Frofcin 




N-f. 


Su- 


Stii.rob I'‘ib<T 


Yollow. 73.44 D,7H 0.77 0.2/5 
Rod,... 77.47 0.73 0.70 0.2*2 


4.07 1. 71 

4,02 


14 .53 1.02 0 Hf) 

0.57 0.03 I .fK) 


Labayen* reports analyHeH of 28 varkdicK of Bw'pot potatcxjH gn^wn in 
the Philippines. IIk; water rangetl from 66.08 to 77.09 and the Htarch 
from 10. 11 to 26.3 per cent. 

^ Philippine Agr. For. 1914, 3,79. 



SVEET POTATO 


107 


Sweet potatoes grown ia South Africa contained, according to 
Juritz/ as follows: 


Composition op Sweet Potatoes (Juritz) 



Weight 

of 

tuher 

Water 

Pro- 

tein 

Fat 

N-f. 

ext. 

Sugars, 

re- 

ducing 

Suga.rs, 

non-re- 

ducing 

Fiber 

Ash 


g- 

% 

% 

% 

% 

% 

% 

% 

% 

Common 6 mo 

307 

>70.55 

0.94 

0.63 

26.22 

4.47 

1.59 

0.61 

1.05 

Red-skinned 3 mo. : 










Whole tuber 

110 

80.02 




2.68 

2.92 



Outer layer 


82.41 

0.66 

0.42 

14.66 

0.68 

1.18 

Central core 


82.49 

0.59 

0.47 

14.97 



0.56 

0.92 

Yellow-skinned 3 mo. 

630 

77.06 

0.68 

0.21 

20.42 

0.46 

2.69 

0.80 

0.83 

White-fikinnedE. Afr. 

470 

70.61 

1.34 

0.46 

25.54 

5.24 

0.81 

0.77 

1.28 


Influence of fertilizers oa Composition. — Schermcrhora^ secured 
chunky tubers with high nitrogen but low carbohydrate content by 
ample fertilization with nitrate nitrogen, and Hobbins, Nightingale, 
Schermerhom, and Blake ^ demonstrated that an adequate supply of 
potassium was also essential. 

Changes in Composition During Storage. — Three experiments on 
the carbohLydrate transformations and respiratory changes during 
storage have been carried out by Hasselbring and Hawkins.^ In the 
first experiment two varieties were kept in a cellar for about 10 days at 
the curing temperature of 2T C., after which a part was removed to 
cold storage at 7.8® C., dropping to 4® C., and the temperature of the 
cellar was allowed to drop to between 11.7 and 16.7° C., except at the 
end of the season when it rose to 21.1° C. Selected results are tabu- 
lated on the next page. 

From the results of the second experiment, the authors conclude that 
during storage the starch is first converted into reducing sugar and from 
this in turn sucrose is synthesized. 

The third experiment brought out no general correlation between 
the content of total sugars and intensity of respiration during storage at 
from 5 to 30® G. Reducing sugars, not sucrose, appear to be consumed 
during respiration. 

1 J. Dept. Agr. Unioa S. Africa 1921, 2, 340. 

® New Jersey Agr. Exp. Sta. 1924, Bui. 398. 

3 New Jersey Agr. 1929, 11, No. 6. 

Agr. Res. 1915, 3,331, 543; 1916,5, 609. 
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Ciio Mgo i\o, HiOa a 


58.16 H.I2 4.10 0.54 trace 16.17 2 1)9 2 14 2.56 


Minor Mineral Constituents. Iron. — Tuber, 5 nig. jmt kib^, frewh lianis 

(Sherman).* Tuber, 11 samples, 39 to 88, aver. 64 mg. per kilo, (lr>' biwiH (Remington 
and Shiver).® Tuber 9.2 mg. per kilo, fresh basis (Peter«oii and i'llvphjem).® 

Ma7ig(i7m€.' — Tuber, 9 wimples, 2.0 to 17,7, aver. 9.2 mg. |K;r kilo, dry btiais 
(Remington and Shiver).* 

rv^y^per.— Tuber, 10 wimples, 3.4 to 8.8, aver. 6.2 mg. |>er kilo, dry hMi« (Itemlng- 
ion ainl Shiver).® Tuber 4.1 mg. per kilo (Satterfield and Join's). ** Tuber 1.5 mg. per 
kilo, fresh basis (Lindow, Elvchjcm, and Peterson).* 

Tuber 2.S mg. per kilo, fresh basis (Bertrand anti Bi^nzoii). ® 

* U. S. Dept. Agr., Off. Exp. Sta. 1907, Bui. 186. 

* J. Am. Off. Agr. Chem. 1930, 13, 129, 

* J. Bid. Chem. 192H, 78, 215. 

^ J. Elisha Mitchell S(d. Soc. 3932, 48, 16. 

^ J. liiol. Chem. im, 82, 4(55. 

® Bui. soe. hyg. aliment. 1928, 16, 457. 



ROOTS OF THE BELLFLOWER FAMILY 

(Campanulacex) 

Eampion is the only available species of this family yielding an 
edible root. 

Latea: tubes of the chicory type and vessels of the carrot type are the 
conspicuous elements. 

FAMPION 

Campanula Rapuncuhis L. = Rapwnculus verus Fonrr. 

Fr. Raiponce. Sp. Cardenala. — It. Raperonzolo. Ger. Rapunzelriihe. 

The genus Campanula is represented by this lesser-known salad 
plant of which both the root and the leaf are used. See section on Leaf 
Vegetables. 

MACROSCOPIC STRUCTURE. — The root resembles a long white 
radish. The cork, cortex, and phloem form a very thin layer about 
0.5 mm. thick in a root 1.5 cm. in diameter. 

MICROSCOPIC STRUCTURE. — Cork Cells form several tiers. 
In tangential section the cells are transversely elongated. 

Cortejc.-— The ground parenchyma, as in the phloem and xylem, 
consists of longitudinally elongated cells in radial rows best seen in 
radial longitudinal section. The numerous latex tubes, of the same type 
as in chicory, branch and anastomose. 

Phloem.— La/er tubes also run through the phloem. 

Xylem.—Tlio vessels resemble those of the carrot. They range up 
to 50 }i wide. The reticulated forms often show in longitudinal section 
two or three rows of diamond-shaped reticulations formed by narrow 
})ars meeting broad ones. Spiral vessels also are present. 

Although under a lens cross sections show radiating bands, under the 
microscope there are no sharply defined medullary rays. 

C.'hief Structural Characters. — Root similar to white radish; 
cambium layer near surface. 

Cortex and phloem with branching and anastomosing latex tubes. 
Vessels up to 50 ju, often reticulated with diamond-shaped meshes. 


Ill 



ROOTS OF THE COMPOSITE FAMILY 


(Cmijxmim) 

TniiKB root yegctabloH boloiig to the Cirhariaetir triho ([JijtdiJlom} 
aH follows: conirriori salnify (Tragopogou parriJoliuH L, ), jHcolyioiig or 
Bparish salBify {ticolymm hinpanicns L.), and scorzonc^ra or i)liu:k walnify 
[BcAnzonera hispanka L.). Of th(‘S(% common nalsify in tiio Imst known; 
ilic other two are not linte^l by most Ainorioan WHHisinen . ( Jr(‘al l)ur<kjck 
(Arctium Lappa L.), a cnltivate<i form of burdock Ixdoniiling to the ('yna- 
roidem tribe, is an import ant root vcgtdablo in Ja|>an. 

Chicory root (Cichorinrn Iniylms iis(‘d for coloring aial flavoring 
coffoe, and dandelion root {Taraxacum ajfui'nnk W'clKTj, an alhigcd 
adulterant of chicory, arc^ (h*s(Tib(‘d in Vohniic* HI. 

COMPARATIVE MACROSCOPIC STRUCTURE. Particularly 
prominent is the neck or fleshy stmii with leaf sears. Tht^ roct propc^r is 
charaeteriml by the milky jiiicc? of the^ cortex ami phkMoii, 

COMPARATIVE MICROSCOPIC STRUCTURE. Inulin, con- 
tained chiefly in tlie pareneliyina oiifsitk* of fhe cariihium ring, niui 
hitvXj (*ontain(*d in launching nnd anastcmiof^ing tubes aceoinpanying tiif* 
siewe tiilx's, an‘ tlx* eharaeterisli*’ (‘onstitnteiit.s. 

COMPARATIVE CHEMICAL COMPOSITION. The literature is 
ex(*e(uiingly limited. He* group oflers n ri(di field for inv(*.st ig.-tliori. 

SALSIFY 

7iii{l<>}nifpni pnrrifnlius f,. 

r. Salsifis. Sp. Ostion vegetal. It. Sa.'^sefricu. tier. Haferwurzel. 

Two eonunon specicos ladong to fli(‘ geinm Tnujt)ptuji*n , salsify or 
wvsler plant, jHThaps tin* inoHi valiiahk* root v<‘g(‘f abb* of the family, 
iind go.'it ’s !>eard f)r Joiinny-gc Hto-bod-at-iioen i 7’. prufthsiH I..), a com- 
nion weed, the former being pnrple-llo\v<‘re< 1, the lattfu yelknv-tlowered. 
Both are natives of I*air<)pf‘ and ntlar part.s of the Old World. 

Salsify, heeauw* af its oyster-like flavor, in miieli prized in regions 
remot(‘ from tlx* .salt water. Thi.s flavor is not, !iowf‘ver, camfiixol to 
(bi.s veg(Mabi(‘ but is marked in roots of other eomposite phints, ilh well 
a.s the r(‘('(*ptael(‘ of tlie artichoke, all of which contain inulin and latex. 
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MACROSCOPIC STRITCrURE. — The root, which seldom exceeds 
4 cm, in diameter, resembles a small parsnip but has a broader and 
longer crown forming a kind of neck with bases or scars of the strap- 
shaped leaves. Small rootlets spring from transverse markings on the 
surface of the root proper. On cutting, an abundance of millcy latex 
exudes which becomes chocolate brown on drying. The phloem rays 
also become brown on dr3dng, while the xylem becomes yellow. 

MICROSCOPIC STRUCTURE (Fig. 29).— Salsify differs from chic- 
ory, which it resembles in general structure, in that the vessels are 
narrower and not so numerous, and wood fibers are absent or not 
noticeable. 

Cork (sit).— The cells are 
several thick, small, in surface 
view more or less rectangular 
and transversely elongated. 

Cortex. — This is thin, con- 
sisting usually of only five or 
six cell rows. In cross section 
the cells are similar to the cork 
cells in shape, but they are 
larger and show a greater ten- 
dency to break joints. In 
longitudinal section (cy) they 
are distinguished by their 
greater breadth, rounded form, 
and intercellular spaces. 

The endoderm, forming a 
boundary between the cortex 
and the phloem, may often be identified in cross or longitudinal sections 
of roots of moderate size after staining with safranin and removing the 
excess of stain with alcohol. The suberized portion of the radial walls, 
Ixung (l(!(‘ply stained, contrasts strongly with the other walls that take 
on a lighkT cok^r. 

Phloem. — Cross sections show the thin- walled, isodiametric, 
rounded cells of the ground parenchyma, also the radial, more or less 
intcrruptecl strings of sieve tubes, companion cc^lls, and latex tubes. 
The medullary cells are not sharply defined. 

Longitudinal sections show the transition of rounded to rectangular, 
longitudinally elongated cells of the c/rowid parenchynia i'lrp), arranged 
side by side in radial rows, and the rectangular, radially elongated cells 
of the 7 nedulla 7 y rays (rn), further distinguished from the cells of the 
ground parenchyma by their muriform arrangement. 



Fig. 29.— Salsify. Elements of root. s% 
cork in surface view. The following in lon- 
gitudinal section: cp round cells of cortex 
with intercellular spaces; Z latex tubes and 
pp parenchyma of phloem ; m cells of med- 
ullary rays separating phloem, rays; v ves- 
sels showing extremes of breadth. X160. 

(A.L.W.) 
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Inulhy the chief cell constituent, in not shown in the figure but, as 
in chicory and other compoBite roots, forms sph aero-cry stale in alcoholic 
specimens. 

Sieve tubes (not Bhown) are diHiingiiisiieci from the latex tiiljea both 
by the absence of granular contents and the pres^mce of sieve plates. 
The hicx tuben (1) are striking elements in longitudinal Bections. They 
branch and aiifistomose, forming a network conepicnoiis because of the 
finely granular latex, lilind ends, also small rounded intercellular 
spaces formed between points of contact of twr> acljaeent tubes, are 
evident. 

CainMuan.-" C'omposcd of typical small cells. 

Xylem.— The xylm paremhyma is not noticeably different from the 
phloem parenchyma. Cross sections do not bring out clearly the medul- 
lary rays, but longitudinal sesetions show that the cells are radially 
elongated as in the phloem. The veHseU (r) l>elong more to the pitted 
than the reticulated class, with very narrow transversely elongated pits. 
They vary greatly in width (up to 80 ^), Beldoni if ever reaching the 
breadth of the vessels of chicory. In the stem liHsueH of the neick are 
large spiral vcwels running into the Icuves. Bc*caiiw of th(* smaller and 
less numerous vesKids, the xykun is not so tougli ami wcnuiy as that of 
chicory. 

Chief STHretrHAL C'HAHAirrKUB. — Root Hlencler with broad, short 
crown; latex hrown on exposure to air. 

Cork ccdls rectangular, 1 rains vewdy ehmgated; cortex cells trans- 
vcTHidy (dongaied, larg(’r Ilian cork eclis, roundetdin longitudinal wetion. 
KiHlodcrni pr(*Hent . Iddoem panmchyiiia of no'laiigiilar, longit iidinally 
elongated e(*Iis in radial rows; .Medullary cells radially cbuigaled in 
radial rows. Iimlin abundant^ throughout jilibnua zone. l,atex tubes 
iiranching and anast<»iiiOHing, afc<»mpanyiiig si(‘vo fubc.s, up to 

80 /i, mostly pitted, with transversidy (dongaied jnts; vc.kscI.h in cnavn 
.spirid. 

CHEMICAL COMPOSITION. Xo proximate analysis or ash 
arialyHis availablf*. 

Carbahydrates. vSm* Jtniliti under ./(‘riisalcni Arti<‘hok#‘. 

Minor Mineral Constituents, [mu. Hunt I'J.i niij;. |mt kiln, fri'sh hiuHin 'in-fcr- 
fion and 3'lh'e}ij(*rn).’ 

Aluynmvm.- Hoot 511 irjg. per kilo, <lry U/usin f Hcrtninil fiini ly-vy; ’ 

M arigariMe.— 12.4 iok. por kilo, dry biihia fPoforwui and Skiiiiior).’ 

Cop'per. — Hoot., frftHh Z.‘l, dry UiiniH 22.(> mg, jht kilo 1C di''nth!tiilt).* Itoot 2.7 
mg. per kilo, fresh hiu^in (Lindow, Idlvfdijoni, and I’otorsm j * 

HJ. Biol. Choni. H)2K, 78, 21/5. ^(’oini*t. road. liCJU, 171, Iptk 

^Compt. rend. 1031 , 102, frii). Biol. ItCll, 82, 4r>5. 

® J. Nutrition ISk'U, 4, 411). 
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Z/inc. — Root 2.2 mg. per kilo, fresh, basis (Bertrand and Benzon).^ 

Arsenic. — Root 0.11 mg. per kilo, fresh basis (Jadin and Astruc).^ 

SCOLYMUS 

Scolymm hzs'panicics L. 

Fr. Cardon d'espagne. Ger. Spanische Golddistel. 

Spanish salsify, golden thistle, and Spanish oyster plant are names 
sometimes used for this biennial root vegetable. It is seldom listed by 
American seedsmen but is claimed to be superior to ordinary salsify in 
that the root is larger and better flavored. 

MACROSCOPIC STRUCTURE, — The root leaves are spiny; the 
flowers are yellow, thistle-like. Grown from seed, the root at the end 
of the first year is light colored, tapering, resembling a small parsnip. 
Eaten boiled, it has a pronounced oyster flavor. In cross section, little 
if any latex exudes, although latex tubes are present in abundance. 

MICROSCOPIC STRUCTURE. — The latex tubes branch and anas- 
tomose as in salsify. Both the phloem and xylem parenchyma consist 
of longitudinally elongated, rectangular cells in radial rows, containing 
much iniiUn, De Bary,® on the authority of Van Tieghem, states that 
oil passages (ducts) occur only in the root of grandijiorus among the 
Cichoriacesa, Such were not noted in the root of S. hispamcw grown 
and examined by the authors. 

The vessels are not numerous. They reach 60 p, or oyer and have 
long, narrow pits extending well across the surface. Forms approach- 
ing spiral vessels are numerous. 

Chief Structural Characters. — Root light colored, resembling 
small parsnip. 

Structure similar to salsify but vessels with longer pits. 

CHEMICAL COMPOSITION. — No proximate analysis is available. 

Carbohydrates.— See inulin under Jerusalem Artichoke. 

SCORZONERA 

Swrzonera his'ponica L. 

Fr. Scorson^re. Sp. Escorzonera. It. Scorzonera. Ger. Schwarzwurzel, 

Black salsify is a common name for this vegetable. 

MACROSCOPIC STRUCTURE. — The flowers yellow, subtended 

^Bul. soe. kyg. aliment. 1028, 16, 457. 

^Compt. rend- 1912, 155, 291. 

2 Comp. Anat. Phan. Ferns, Oxford, 1884, p. 448. 
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by a Bevonil-rowe<i involucre. The surface of tlif‘ ro(d iHXJoirieH black 
when of edible nize. 

MICROSCOPIC STRUCTURE. ResonihleB coniiiion sainify except 
that {he a^rk eelh of the root are !)laek, owiri|£; evidently to huinification. 

CHEMICAL COMPOSITION. Dahlen' fouiKl in rnnin liarve.sted 
in Dcec^niher: 


Water 

Prof. (‘ill 

h'al 

N-f. ext. SogarH Fiber Anh 

% 

80.39 

0/ 

/a 

1.04 

e/ 

Mt 

0 .50 

14 80 2.19 2,27 


Carbohydrates, S(‘{* inulin under Jeriwalcin Artichoke. 


GREAT BURDOCK 

Arrdiijti Liippa L. 

('hin. N^aU"i)on^. Jap. (tolx). 

Hur(lo(^k, known in the Occident only an an iinsif^htly weed, has 
been HO hnal in Japan as to furnish a nxJ which, aecordiap; 

{,0 Hondo, “ is of p'f^at iniportance. hbr years tin* writers have 

^i^rown this vf*^etahle from scxmI furnished l>y Dr, Kondo. 

Although (a)ninionly statixl to lx? a laennial, with ns it appears to be 
a triennial, ripcniiiiK seed the secon<l and third y(*;irs. If the soil is 
stony or not (ieef)ly worked, the roots tend to braiieh, with <*nnser|U('ri(. 
injury to lh(‘ cro{). In many <‘asos fh(‘ roots ^row to sia-h a depth as 
to render <lig/i:in^^ diffieiilt and at best not complete, 

MACROSCOPIC STRUCTURE. 1'he /Ler.r.s- reHonhlo .onall tlii.s- 
t l(*s, h(‘in|i; much larkin’ in the <*ultivated form than in the we(‘<}. 'Hk" 
root-U'dvrs the only oiu-s to ai)}H‘ar tin* fiiot year are l.arp* with lon^; 
p(‘tiol(‘S, rcseinhliii^ in form and size those of j^arden riuibarh, but they 
iiave a fc'lt of hairs lieneat h. 

ProiXTly j^rown, 1h(‘ ftn>f resembles salsify but is ihit'ker Oifteii \ eni.i 
and Ioiip:(*r (up to 1 inetfio. It is n Mi^h, dark l»rovvn when full pTowii, 
widi t-ransv(‘rse wrinkles and miinerous small brnnehew, ('uf traii,^- 
Yf‘rsely, latex (‘Xiides from the pldtxun zone whieh i< <if a ^wm-p^ray 
color, ofJiitrast iriK w'itli the maarly white cortex and the cream-e( >kjred or 

iLaiidw. Jahrh. IKTfj, 4 ,rn:i. 

I'hcr (lie in <l(*r Larxhv. JnpariH fj;ehrnuehfcii Sarnen. H. t thura fnS.landw. 
I'nmdi. HID, 1 , 428 . 
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pink xylem zone. In edible roots, the cambium zone is from one-third 
to one-fifth: the distance from, periphery to center. Large roots are 
often hollow. 

MICROSCOPIC STRUCTURE.— Compared with salsify, the bun- 
dle rays are separated by broader medullary rays, while the vessels are 
less numerous although somewhat larger, reaching 110 /x in the center 
of the root. 

Chief Structxjeal Chaeactees. — Root thicker and larger than 
salsify root and with larger vessels (110 ii) but otherwise similar in 
structure. 

CHEMICAL COMPOSITION. — An analysis made in China by 
Sherman and Wang^ and one made in Hawaii by Chung and Ripper- 
ton ^ follow: 


Composition op Geeat Buedock Root 



Water 

Protein. 

Fat 

N4. ext. 

Tiber 

Ash 

Sherman and Wang 

. 76.96 

2.24 

0.11 

18.13 

1.61 

0.87 

Chung and Ripperton. . . 

. 60.62 

1.09 

0.07 

33.37 

3.78 

1.07 


Carbohydrates. — No quantitative data on the content of inulin and 
other carbohydrates are available. See inuhn under Jerusalem Arti- 
choke. 

Mineral Constituents.— Chung and Ripperton^ report calcium 0.064, 
phosphorus 0.03^), and iron 0.0039 per cent of the fresh material. 

^Philippine J. Sci. 1920, 38, 69. 

2 Hawaii Agr. Exp. Sta. 1929, Bui. 60. 

^ Loc. dt. 



TUBER, CORM, AND RHIZOME 
VEGETABLES 

(Subterranean Stems) 

Various modi fi eat ions of stems, growing <^Miipk‘tely or partly 
underground, serve m storehousiis for resc^rve material dnriiig tlie rcat- 
ing HeasoiL Aerial steins of certain perennial planlH, Hiieli iw tbe sago 
palm, also serve as rest^rvoirs for starch during the resting w»{won, show- 
ing that such a depoHition is not a fundamental fM*€uliarity of siihferm^ 
nean modifieations, but t.he suceuleni a(»rial HleiriH and leaf parts of 
annual plants do not luivc^ such aceuinulat ion. 

MACROSCOPIC STRUCTURE. TuhcrH are (uilargensuitH of 
slender subterranean HteniH with leaves represcuited hj iiumitf; scaleH 
subtending shoot Inids. 

Comm are short, more or l(‘as enM't, tluek«*ned sulderranenn stmiis 
with leaves reduced to small seales. 

Rkiz(rnies, or root Htoeks, are jiroslrate, wlif)lly or firtrlially buried, 
with terminal shoot hud and scars of leaves of preceding years. 

Further eharad eristics of subterrurH’an Hivnm an* {i<‘scrilK‘(l undf‘r 
tlie ditTerent. family groups. 

MICROSCOPIC STRUCTURE. 'rhf‘ gimfu-a! siructure of aerial 
stems is modified in su]>terninean stems Is'caim* of I fieir fiifT(*renl func- 
tion and their location: fl) they ar(‘ fle.^hy, th(‘ bulky parciK*hyinatf sis 
cells being filled with reserve* material in thf* form of .Mlarcii, iunlin, f)r 
other cfirbohydrat.e; ( 2 ) tliey do not ciuitain chloroiihyl in considerahic 
amount. 

Althougli garden roots are all of flient yledonous planis, subtcrraiuMii 
shuns are partly of dieolyledonous fpotato, Joni.sal(*m artichoke, lotus) 
and partly of monocof yleiionous (water (dicstnut, chufii, taro, yarn i. 
liotli iy|>eRhavc an outer tissue consinting of a simple ('ftifh rrn, or several 
layers of cork ccUhj and a rarlrr with or without a well-dcvelopod iniuT 
cell layer, the mdoderni. The rrnirnl fylindtr in tin* dirotylc‘dorK)Us 
group consists of concentric rings of phlf>ern, cambiuni, and xylem tis- 
sues about a cicntjal pith, wdiereas the (M*iitral cyliiid<'r of thc! mono- 
eotyledonoufi group consistB of a parenchymatous ground tissue through 
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which run scattered fibro-wascuhar bundles. A zone of stone cells 
(pericycle) occurs inside of the cortex of the yam. 

In bath groups the carbohydrate reserve material occurs throughout 
the parenchyma of cortex and central cylinder. The starch grains 
differ greatly in form and size. See Figs. 1, 6, 8, 22, 23, 34, and 36, 
Volume I. Raphides occur in taro and other aroids, also in the different 
species of yam. 



TUBERS OF THE WATER PLANTAIN FAMILY 


(Alismacea!) 

'‘I'liK Rtarcby tubers of the arrowheads arc elaHRifiod under this head. 

In adclition to starch grains j the chains of rdk in the; outer cortex and 
the canals in the central cylinder are noteworthy. 

ARROWHEAD 

Sagiiiarin spp. 

Fr. Sagittairc. It. Quadndlo. Cler. Ffeilkraiit. ( liin, ( 

Jap. Kuwai. 

Tubers, or more corrcK^ily tuberous rhizom(‘s, of Wui arrowhead of 
the Old World tS. sagiififolia I/, or a variety known as N. rhinvasis) 
iinporlcd from C'hina and of the American specie.s US. Uiiipdia \VilId.= 
H. variahilis ICngf‘lin.) arc used by the (’hiiif‘s<‘ in the rnitf^d States 
a.s a v(‘Ketabl(^ Th<; hit l(*r sjxunc's, a('eor<iing to f h<‘ various autliors 
(jiK)ted by Hlasdale, ‘ fiirnisheH the Anifuicau In- 
dians with a palatable food. In (bina, ntareh Ls 
ma(lc‘ from the t.ul>c*rs. 

MACROSCOPIC STRUCTURE. A.m illu.s- 
tral(‘d by Hliusdale, the tiilHT.s of tin* ('hine.Ke 
spiMueH are laatrly round, those of th(‘ 

Ain(*ri(‘an siM‘cie.s (Fig. ‘iO) ar<' ovoid, Ixith being 
ext (‘iid(‘d into an elon^alc'd .sprout and (UH'ircIed 
by two ()r more leaf sear.s with .seale.s. 'fhe flesh 
is CToamy wliite, sonn‘what spongy in texture. 

MICROSCOPIC STRUCTURE. 1'lie Aintu- 
icaii HjK’fdes h.as thf^ fo]h)Xving stnictiire; 

Epiderm. langenfial sfaMions show that dui 
cells have y<dlow walls and are in(»re or less 
(jua<lrilat(^ral, longit u<iinally elongated, and arranged in longit udinal 
rows. 

Cortex. - In cross wadion, {h<^ cells of tla^ outer part app^aar to fetrin 
chains about large inf erc<‘llular spaaxs; farlhcr inward th(‘y form a close 

^ U. S. Bept. Agr., Off. lOxp. Stii. Bui. 
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tissue with no evident separation from the central cylinder. The starch 
grains increase in size inward. 

Central Cylinder. — The starch grains^ which appear to be identical 
in the two species, are spherical, oval, triangular, or irregular with 
central hihiin, and vary up to 36 p in their longer diameter. See Com- 
mercial Starches, Volume I. 

Scatten‘d t hrough the ground tissue are branching canaU and j^fero- 
vascnUir bimdles with narrow vessels. The canals are surrounded by 
smaller cells which as seen in cross section project in a series of curves 
into the lumen and as seen in longitudinal sections contain small starch 
grains, mostly to ^ n in diameter. Contents in the canals, if present, 
are not abundant. 

Chikf Structural CifAKACTERS.— Tubers spherical (Chinese) or 
ovoid (American) with rings of leaf scars and a sprout at the end. 

I^piderm of elongated yellow-walled cells. Outer cortex of rounded 
starch cells al)f)ui large intercellular spaces, passing into the close tissue 
of the central cylinder. Starch grains spherical, oval, triangular, etc., 
up to 36 jLi, witli c<uitral hilum. Central cylinder characterized by 
canals, surrounded by cells with small starch grains and by the narrow 
vessels of the fibre- vascular bundles. 

CHEMICAL COMPOSITION.— Analyses by Blasdale, ^ Sherman 
and Wang, “ and ( liiiiig and Ripperton^ are included in the following 
table: 

C(»M!'t>HITION OF AimOWIIEAD XuBERS 



Water 

(Protein 

Protein, 

pure 

Fut. 

N-f.oxt.' 

Su- 

crose 

Starch 

Fiber 

Ash 


<'f 

fO 

C-f 

% 

% 

% 

0/ 

/o 

% 

% 

% 







1 




S. lafijolia . . 

t)6 . MS 

4.44 

3 . !).S 

0.76 

24,90 

2.40 

10. 69 

0.08 

2,04 

tS. si rif/f.si.s . . 


7 .(M) 

4.71 

0.24 

28.84* 

2,26 

22.95 

0.72 

1 69 

H. and W.: 










iS. sag i(t if olid 

74 . .71 

5,17 ! 


O.lf) 

18.11 



0.63 

1,40 

C. and K. : 










aS. sagiitifolia 


4.71 


0.37 

16.12 




0.67 

1.67 


* O.S2%. 


nitrites, according In Aso and Sekine,"^ occur in the shoot-like buds, 

1 U. S. Dept. A^r,, OfT. ICxp. Sta. 1899, Hul. 68. 

* Philii)pine J. fkn. 1920, 38, 60. 

» Hawaii Agr. Dxp. Sta. 1 920, Bui. 60. 

*Bot. Centralb. 1914,32, 146. 
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owing perhaps to the o.xidaUon of airiirif) aoidw or tho reduction of 
nitrates. 

Carbohydrates.-- Miyake^ in arrowhea<l tubers (Sa{}itl(irin rngiili- 
Jolid forma deiaonsiratod the prmnmi of dcjinm'., Imdotfe, 

galiwkmi, and mcTose and isolateid what apiK'ared to ho raJflnaHr,. Cbilao- 
toBC may have been combined with other HUgars, IVIaltose, pentose, 
and in an nose were not found. 

Mineral Constituents. — (.'hung and Jtif)iK?rtoir'* found in tlie frcHli 
material: calcium 0.016, phosphorus 0.207, and iron 0.0040 per cent. 

M. Biol. Chem. PJIS, 15, 221. 

® lx)c. cit. 



CORMS AND TUBERS OF THE SEDGE FAMILY 

(Cyperacem) 

The water ckestnut (Eleocharis tuherosaSohxiit.) of the Orient yields 
an edible corm; the chnfa (Cyperus esculentus L.) of the Occident yields 
an edible tuber. 

COMPARATIVE MACROSCOPIC STRUCTURE. — The water 
chestnut is onion-shaped; the chufa, ovoid. Both have transverse 
rings formed by leaf scars. In the water chestnut the central cylinder 
begins near the surface; in the chufa about two-thirds the distance to 
the center. 

COMPARATIVE MICROSCOPIC STRUCTURE.— The epidermal 
celh of the water chestnut are longitudinally elongated; of the chufa, 
transversely elongated. In both species cork is absent; in the chufa 
a hypoderm made up of stone cells and sclerenchyma fibers is present. 

The starch grains of the water chestnut are commonly three-, four-, 
or five-sided, up to 27 in diameter; those of the chufa are commonly 
pear-, kidney-, or spindle-shaped, up to 18 /i in diameter. The vessels 
are somewhat broader (up to 30 fi) in the water chestnut than in the 
chufa (up to 20 fj ) . 

COMPARATIVE CHEMICAL COMPOSITION.— Chuf as differ 
rriitrkedly from water chestnuts in being rich in oil. Oil in a subterranean 
steni used as food is unusual. March and sugars are present in both. 

WATER CHESTMUT 

Eleocharis tuhcrosa Schult. 

Those frequenting the Chinese restaurants of American cities are 
familiar with the peculiarly crisp and sweet water chestnut; others 
would do well to test its merits. The English name, stated by Blasdale^ 
to be a free translation of ti leh, is a misnomer since it is a conn of a sedge 
that grows wild in wet places; ma hai is another name. Adolph - gives 
p’o-ch’i. The conns are eaten raw and are also a source of commercial 
starch. 

‘ XJ. S. Dept. Agr., Off. Exp. Sta. 1 899, Eul. 68. 

2 Philippine J. Sci. 1920, 30, 287. 
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Mleocharis dulciH (Burm, f.) Trm., known in the Philippines as 
apuUo, is grown an a food plant by the nativoB. Hrirpm fubermus is 
grown in both ( ^hina ‘ and Japan, the conius being eaicni raw and boiled. 
Chung and Hipperton- give ma-tai as the (’binesf^ and kunnkuwai as 
the Japanewe name. 

MACROSCOPIC STEUCTURE.^ — As found on sale in the (‘Chinese 
CiuarierHof New York, tlic amn (Fig. HI) is dark brown, onion-shaped, 
2 to 4 cm. broad, with the rcinaina of th(i loaf l)as<>B at the lop and a 
circlci of leaf scars about the middle. Cut. transvc^rwdy, the flosli is 
whitish with a narrow lino (emlodorin) about 1 inin. from tlu* surface. 

MICROSCOPIC STRUCTURE. In place of the typical cork of 

roots aiul inberw, a single epidermal layer ami it hypodenn, wveral cells 
t.hick, are premmt, both Ixhng of a brown color. 

Epidenn.- The cells are narrow (10 lo 20 /x), somewhat longitudi- 
nally (dongated, with <listinctly porous walls up to .5 pL thick. 

Hypoderm. Proceeding inward, t!ic‘ 0 iIlH increiuse 
in size but (liiuinisli in color and in the thickness of 
t,h(^ walls, which in the outer row of cells is often 
10 /i. Hound j)<>resar(‘ distinctly evident. 

Cortex. In the out ct part, the pnrvndujnm rclk 
.andsodianieiric without, marked intercellular s 
in th(j inner part, th(*y form n spongy parenehyiua 
with .Mt ar-.shaped arin.s. Starch f/na'/i.v, like tho.sf* of 
th(‘ central eylind<‘r, are (toiispieuous. Here and 
th(‘r*(‘ o(‘cur longitudinally eIoiigate<l oirorrsifi sars of a brown color. 

Tli(‘ <'(dl.sor t he ritdiidri'fii arc* no(i(‘eabk‘ hecause of tladr brfavn walls,'* 
Ah s(‘en in eross section, tin* inner iiml radial walls ;ir(‘ not ic(*abl y thi{‘k- 
(Uied, In longit mlinal S(‘c{ ion, they are elong.ated but with only slightly 
wav'y walls. 

Central Cylinder. Th(* j>rriryrlr Is not noticeahlv ditT(*reijtiated at 
th(‘ inatur(‘ stage. The (jroiind parcurhiimn difT(*r.s from the parcnebyina 
of thf‘ eort(‘x in that th(‘ (‘(dls are larger; the .sUirch (j/'nins are also larg(‘r, 
naudiing 27 /Li, the larger grain.s Ixang trijiugidar, < }ua<lri lateral, {x-ntag- 
onal, spindl(*-shape(i, and <4 other curious forms. .\ small (‘(‘iitrnl 
hiliirn, but iisu.ally no rings, is evident , and polarization phenoiiKUia an* 
not \v(dl mark(‘d. See ( ’omitifucial Slaia'la's, Voliiinr I. F ihro-ra.^rular 
(iuiallcs oeeiir at intervals in t h<* ground panmehyma. d'iic rr.sxr/.s, 
which partly surround tlic pld<H*iiu are scalariform or pitied, up to HO fj. 
broad, nr else spiral or .spiral-n^ticulatcd and narrow, fiasl Jihf r.s lire- 

’ HreiH('lin(‘id(fT : J. (’lijtia Hi'hik’Ii Hoy. .AHiatic Soc, iStK) 1, 26, 47. 

• llaw.nii .\|£;r. iaxj). Stii. 1U20, Hill. 60. 

' I )(* Hur\': (toriip. Anat. Flinii. hVni.H, ().Kf(>rd, iHS4, pp. 122, 124, 



Fici. 3l.“Waior 
Chcstinit. (torm. 
X (AJ.W.) 



WATER CHESTNUT 


125 


not present, although the parenchyma about the bundles may be of 
somewhat elongated elements. 

Chief Structural Characters.— Corm onion-shaped, 2 to 4 cm. 
broad, brown, with dried leaf bases and ring of leaf scars; flesh whitish. 
Cortex about 1 mm. thick. 

Epiderm of brown, elongated, porous cells; hypoderm of similar 
cells but larger and thicker-walled. Cortex with brown secretion cells 
in ground tissue of starch parenchyma. Endoderm distinct, brown. 
Starch grains of central cylinder up to 27 ju, often three-, four-, and 
five-sided. Vessels scalariform up to 30 jx broad, narrow spiral, or 
spiral-reticulated - 

CHEMICAL COMPOSITION. — Following are analyses of water 
chestnut by Blasdale, ^ by Sherman and Wang,^ and by Adolph,^ 
designated Eleochdris tnberosa; by Hemmi,^ designated E, ^lantaginea; 
and by Chung and Ripperton,^ designated Scirpus tuherosus: 


CoMPOSiTioi^ OP Water Chbstn-xjt 



Water 

Protein 

Protein, 

pure 

Fat 

H-f. ext.j 

Sugars, 

reduc- 

ing 

Su- 

crose 

Starch 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Blas?dale: 











I 

77.29 

1.53 

1.16 

0.15 

18.90 

1.94 

6.35 

7.34 

0.94 

1.19 

11 

77.89 

1.31 

1.00 

0.27 

18.13 

2.60 

6.02 

8.09 

1.22 

1.18 

Hemmi .. . 

()8.52 

2.25 

1.69 

0.19 

26.46* 

0.24 

1.06t 

18.75 

1.00 

1.58 

8. and W . 

71 . 19 

1 .63 


0.13 

24. G3 


i 


1.24 

1 .18 

C. and R. | 

79.54 

5.89 


0.04 

13.07 




0.65 

0.91 

Adolph t- 

79 . 20 

1.84 


0.18^ 

17.12 




0.70 

0.96 






1 






1 3oxtriii 0.ft0%, peutofians 0.79%. t Non-reducing sugar. t Peeled. 


Hemmi found that the hemicellulose of the corms yielded on hydroly- 
sis Z-arabinose. 

Adriano, Manahan, and Barros,^' under the head of roots and tubers, 
gi^c an analysis of apulio {E. dulcis (Burm. f.) Trin.) as follows: water 
()].34, protein ().‘12, fat 0.15, nitrogen-free extract 35.48, fiber 1.48, and 


^ TjOC. cit. 

^Philippine ,J. Sci. 1929, 38, 09. 

Loc. eit. 

^ J. Col. Agr. Hokkaido Imp. TJniv. 1918, 8, 33. 
^ Ivoe. cit. 

« Philippine Agr. 1929, 18, 119. 
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ash 1.23 per cent. Th€ low water and protein content indicates that 
the product is not similar to the water chestnuts (kscrilxKl above. 

The edible stern of Eleoeham plantaginea II. Br., known m be-eki^ 
used as a food in Forniosa, contains according to Okunnira; * water 
protein 1.41, fat 0.22, nitrogen-free extract 9.50, reducing siigars 
1.4f>, non-reducing sugars 0.81, starch 5.00, fihiir O.OH, and ash 0.94 
per cent. 

hVom the air-dry material, adenine, trif 2 :()nelline, and choline were 
isolated. 

Mineral Constituents.- Chung and llipperton^ report the following 
figures in percentages of the peekui corms: calcium 0.002, phosphorus 
0.065, and iron 0.0018 per cent, 

CHOTA 

Cypmm esmUntiis L, = C. phymnimim IMuhl. 

Fr. Souchet comestible. (ler. Frdriiandel 

Clray gives the range of this plant from Xew Hruiittwick to Florida 
and w(‘Ht. to Minnesota and Texris. Although regarded im a l)a<l weed, 
it is nevertheleas grown extensively in the South and occasionally in the 
North for the tuhe^rs, which, intlndr crispness and nutty flavor, rescuuble 
water clHistnuis. Tliey are also rojusUai for usii m a coiTet* sulwtitiite. 
As a food for swine who do their own harvestirig chufas are nmeh 
prized in ihc‘ Houtli(‘rn Htat(‘H. 

MACROSCOPIC STRUCTURE. The iuhern an^ !)ro\vn, 1 to 2 cm. 
long, al)out half ius broad, and have two or three circular markings 
foniMsi hy h‘af scars on tJie surface. When they anj cut t ran.HVfTHf‘ly, 
a distim't l)ro\vn circle, tw<Kt!iirds of the distance from the surfac'c 
to th(^ e(*nt(‘r, is s<‘f*n lose^parute 1h{‘ cortex from the ('(‘iitral cylinder, 

MICROSCOPIC STRUCTURE. S<u‘tion.H an* soaked in eth(*r to 
reuKwe the oil whic^h otherwise* would obscure the starch and cell 
walls. 

Epiderm. In surfac^e view the cells arc more or le.ss tran.Hv<Ts<'Iy 
(dongated, often side* by si<lf‘ in longitudinal nnvs, forming a single !)rown 
layer. T'hc walls arc* yellow-brown, somfwhat thickfmed, and porous, 

Hypoderm. The first row of cel is is of typical .vfe///' ecZ/.s with thick 
walls and narrow Ium(*u; the remaining rows fahoul thrf*e or four) arc 
of longitudinally arrangccl srUrvfirhjjrna Jih4r.H, the lumen increasing in 

^ J. Tokyo Chcrii. Sor. lUlK), 41, 5f>fi 

® Loo. rot. 
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size in each successive row, passing into the ground tissue of the cortex. 
As in the epiderm, the walls are yellow-brown. 

Cortex.—The cells of the ground tissue axe isodiametric with, some- 
what thickened walls (3 to 5 /x) pierced by distinct rounded pores. The 
starch grains axe hke those of the central cylinder. 

Between the ground tissues of the cortex and the central cylinder 
axe two rows of cells distinguished by their yellow-brown walls and, as 
seen in cross section, by their more ox less quadrilateral form and short 
radial diameter. The outer row is endoderm. 

Central Cylinder.— The 'pericycle consists of the row of cells within 
the endoderm. Porous-walled parenchyma cells, like those of the cor- 
tex, form the ground tissue through which run the bundles. The 
starch grains range up to 18 ^ in length, pear-shaped, kidney-shaped, and 
spindle-shaped forms being noticeable. Neither hilum nor rings are 
distinct. Polarization crosses are distinct but not brilliant. The 
fihro-vascular bundles are neither numerous nor conspicuous. The vessels 
are narrow (up to 20 n), spiral-reticulated forms predominating. Bast 
fibers are not evident. 

Chief Steuctueal Characters.— Tubers longer than broad, 
marked by leaf scar rings, oily. Diameter of central cylinder one-third 
of the whole. 

Epidermal cells transversely elongated, side by side in longitudinal 
rows. Hypoderm of sclerenchyma cells and fibers, several thick. Cortex 
and ground tissue of central cylinder of porous cells containing starch. 
Starch grains up to 18 pt, pear-shaped, kidney-shaped, spindle-shaped, 
etc. Endoderm and pericycle of brown quadrilateral cells. Vessels 
narrow (up to 20 ^ 1 ), spiral-reticulated forms predominating. 

CHEMICAL COMPOSITION.— Luna 1 found in chufas; fat 28 per 
cent, of which 17 per cent was obtained by pressing and 11 percent by 
subsequent extraction, sucrose 14 per cent, starch 29 per cent, and small 
airioiints of protein and other constituents. 

Power and Chesnut^ found: oil (petroleum ether extract) 28.9 and 
starch 12.8 per cent. They were able to demonstrate the presence of 
sucrose by crystalhzation, notwithstanding the presence of interfering 
albuminous and gummy substances. No alkaloid, asparagine, or caf- 
feine could be detected. Pieraerts*^ reports oil 20 to 27, sucrose 15 to 20, 
and starch 25 to 30 per cent. Kuitikov*^ also gives results on these 
constituents. 

pharm. ckim. 1851 [3], 19, 336. 

2J. Agr. 1168. 1923, 26, 69. 

* Mat. grasses 1924, 16, 6674. 

^Schrift. 2 entr. iDrschungsinst. lebensmittelchem. (U.R.S.E.) 1933, 4, 13C. 
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Volatile Oil." From llm root (rhizoino?) of (\ mtufidufi L, grown in 
tJapan, Kirnura and Ohiiiiii’ oblainod hy ntoani dint illation about l per 
cent of an osHPiitial oil coiinistiiig of per cant of cyiaacmc^ (( inH24), 
boiling at 110 to 115'" (7 min.), and 49 per cant of cy|)(»rol (('i.di240), 
boiling at. 147 to loO"' (K inni.). By ciitalytic ivduction, dihy<lrocy|)(n’ene 
((linlFjc.) wa« |)rep)aro(l from the former an<l diliydroeypcrol (('irdii^oO) 
from the lat ter. 

Fatty Oil Baughman and Janiie.son- didonniiu^d the value.s of the 
oil (extracted hy P(»wer ami (1u‘smit , and PkTaerts’* of a nainple of 
. oil of bin own prc’parnlion. 


V'AiaiKH OF Cin’FA Oil 



Hp. gr. 
15'' a 

Kef. 
index 
‘2.V‘ C l 

Siipcai. 

No. 

Iodine 

Xo. 

l{ei<4i<Tt~ 

Mei.HMl 

No. 

l’ol(»neke| .\c*cfyl 
X<), j No, 

B. and j. 

n,p!H 

1 .4()()2 

iU! 5 

1 7<1 50 ^ 

0 2 

11 :i Ml .'■> 


D.ms 

I .4050 

I'JI M 

7(1 S<l , 

ir2 > 

j ■! .'i.'l* 


III addition to tin* above figur(‘S, Baughman and .laIIU(^'^on found 
sat unit (‘<1 Jiciiis, ohs(‘rv(‘d IK.d (iodine ijuiiiIht t),")!, eorreetiNl 17.1; 
unsaiuraied acids, ohserveai 71.(> (iodiia* miniber 9(l9j, corrcclfd 75.8; 
Pieraerfs <l(;t<Tniin(‘d the valu(*s of the insidiiblc fatty afbis iii(*ludin;r 
Holdifying point, wliich wn.s 2r’<\ (superfuseih. 

C<mip(Ksi/i(>n. The following {-aleulali'fi figure.H by P/aughniaii and 
J;imi(‘Soii an‘ h.'ocd on their analytical <iata: 


( llyrciiflc.H of : 


laKiHK'iTic 

0 J 

A nudiii lir acid . . 

(} r> 

:u’id 

‘ * 

lA'iiriiil ic 1 , . 

U s 

My I iM ic ill-ill , ... 

t lacr 

( Hi'ii' iK'ii i . 

72 :i 

laitnlic arid 

5 a 

n.H.-ijionifi.'ihli* iiiiitliT, 

H (} 

HHl {) 


Piera(‘rt.s, contrary to the finding.^^ of liaughman and .laiuicsf)n 

* J. Fh.'inii. Soc. Japan 1 48, U71 

■ J. Agr. Rch. 26, 77, 
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states that the solid acids consist chiefly of layristic acid with a small 
amoTint of palmitic acid. 

PhytodcTol.—IrL the unsaponifiable matter, Baughman and Jamie- 
son found a phytosterol melting at 134 to 135° C. 

Enzymes.-— Bustinza y Lachiondo^ showed the presence of oxidase, 
peroxidase, catalase, philothion, lipase, glycerophosphatase, inmrtase, and 
amylase, but no einulsin. 

1 Rev. acad. cienc. Madrid 1929, 24, 411. 



CORMS, SHOOTS, AND PETIOLES OF THE 
ARUM FAMILY 

{Araces^) 

This family, to which belong the calla lily, the Jack-in-the-pulpit, 
aiul various ornamentals, is reprcscmteci among food plants chiefly by 
throe genera (Colocmia, Xanthosmifit and Alimsin) yielding starchy 
eoniiH and cormels of great importance in the tropies. 

The taros, including taniers (tanyahs) and da«heen8, l)€!long to the 
genus Colocmia {€. auliquorum Schott, and C, eneukmium (L.) Schott,); 
ihci yiiiitias and eddos belong to the genus XaTiihosmm, the general 
name of yautia applying to the group. S|)ecies of Akmmia are of less 
importance, conns of most varieties iKung inedible. The IF. B. Depart- 
nuuit of Agriculture tlirough tlie Office of Plant Introduction has car- 
ri(!d out extensive investigations* with taros, diwfieens, and yautifis and 
has introduced promising BjM‘cics into the United States. 

Species of Aiiim yitdd conns an yejt of subordinate importance, 
dhe corniH of Amorphophallns ICvitri Dur. and its variety Konjac 
Ungler ((Umophalhni Korijar Koeh) are uhihI for food in C'hina and 
Japan. Hlas<lale“ foun<l the ff>riner on sah^ in tfie diineKe (Quarters in 
San l^’ranciBCo. 

COMPARATIVE MACROSCOPIC STRUCTURE. A'ha H|)h(*rical 
or ovoid rarfns and an* covere<i with conccritrii! rings, <iu«^ to leaf 

scars, and shaggy scaI(‘H. S<‘atfen*d through tin* fh^sh are miiiH^rouH 

COMPARATIVE MICROSCOPIC STRUCTURE. 11 ic; principal 
t issu(‘s arc rork in many ti(TS, rortrjr and fjrotintl pdrrnrhipna witli small 
starch grains, filyny-wisrulnr bnndlts with xylciii of mostly spiral and 
s])iraj-rcti(‘ulatc(l vessels partly enclosing the phloem, and latri tuhcf^y 
t he contents of which change* to a f)r<)wii color. lUiphidy.H crlln may or 
may not lx* present, tlndr preseiic.e b(*ing an iialication of aeri<iit.v. 

Taros and yaiitias dilTer instni(*tun* chi(*fly in the Hiz(i of the starch 
grains, whi(‘h an* larger in the latter. 

^ Hiirrefi: U. H. Dfpt, Agr., Hur. Plant In<i. HUD, IkiL IW. Ycniiig: U. B. Dept. 
Xgr. I<J24, Ininii. Hul 13&6; IJ. S. Dept. Ajcr. im, Ik^pt. iiiil. 1247. 

2 P. K Uepi. Agr., Dff. Pixp, Stn. Uni. 6B. 
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COMPAEATIVE CHEMICAL COMPOSITION . — Starch is the chief 
constituent in all the members of the group. The literature is largely 
limited to proximate and partial ash analyses. . 

TARO 

Colocasia spp. = Arum esoulentuM L. 

Fr. Arum colocasie. 6er. Taro. Chin. Bun-long-woo. 

Under this head are included the eorms and cormels of the taros and 
the type known as dasheen (a corruption of de chine) which is the most 
important in the United States, also the taniers. The nomenclature 
of the group is much confused. R. A. Young ^ groups under C. anti- 
quorum Schott., Egyptian or red taro, represented in the United States 
by the blue tanier and common elephant's ear or caladium" of the 
flower garden, and under €. esculentum (L.) Schott., Penang taro and 
dasheens, the classification being based on characters of the plant. 

Although natives of the Orient, and extensively used there as food, 
taros and dasheens are much grown in tropical America. Both the 
conns and cormels or only one, depending on the variety, are suited for 
cooking. The petioles, leaves, and even the flowers if produced, after 
boiling in a solution of sodium bicarbonate to destroy the acridity, may 
be used as greens. 

In Hawaii the national dish pot is prepared from the corm of a taro, 
and in the West Indies and Gulf States of the United States dasheens 
are common substitutes for potatoes. Aside from the taros which have 
been for some time sold in the Chinese Quarters, dasheens are now being 
introduced into the markets of the northern cities, where they should 
prove to he popular and economical substitutes for potatoes. Flour 
prepared from dried taros is much used in the West Indies. 

MACROSCOPIC STRUCTURE.—The primary fleshy subterranean 
organ of the taros and dasheens is a c&rm. From the sides of the eorms 
of the dasheens, secondary eorms or cormels (Fig. 32) develop, one or 
more of which may acquire the characters of the primary corm. 

The shape of the corm or cormel varies from elongated to nearly 
spherical. Rings or leaf scars, also eyes or buds, mark the surface. 
A brown, shaggy, bark-like covering is present between the rings ; the 
skin beneath this covering is white, green, red, or purple, and the flesh, 
although commonly whitish, may be yellow, orange, red, or purple. 
A cross section shows the numerous bundles as spots in the starchy 

1 U. S. Dept. Agr. 1924, Bui. 1247. 
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ground tiHsiie. A yellowinh laf-ox oxikIos from the cut surface. As 
noted l)y Barrcdi^ the latex t hick(*nH, turns hrowii, and foriiiH a viscous 
gum. 

MICROSCOPIC STRUCTURE (Fig. 33). Cork (m). The cells 
are in a consickTahle number of tiers - iwcudy to thirty in a cnrrn 5 cm. 
in diain(d(‘r, more in larger conns. In surface view the cells are polyg- 
onal. llioHfj on the scales an^ longitu<iiiuilly c*longjited ovct tiie 
bundles. 

Cortex. There is no sharp <leiriarcut ion l^etwecai th(* parenchyina 
of thc‘ cori(‘x and the central cyliinler. Both contain ,stfirrh gmim in 
ihc] ground tissue and oftcm mphidv.H in special sacs. Here am! tiiere 
art; present Iminclnng and anasloniosiiig Uiivx tuhuHj tlie contents of 



o2, 'T.'irn (P.rOiifm, (’oriiirl of v.-triefy. ^1’. fA.h.H'.) 

Fic.U.'J. 'raid <■ I II ) . Eldin* tif- (»f conmi in IoukIIik linal oclifiu. .';o frac- 
niMil of coi'k I'lV't i'; ;; hicvo fiilio; .• /O aial .spiral vo>.~.c!.s ; and r.r'- sjiiral- 
ivlicnlilf'd vc.s.'-'cl.- ; / lali-x or ri'.-in tnOc; vi j^roJirKi jianorliynia willi .sfarrh 

/ HiO. (A.L.^W) 


whieii ink(M)ii a hrown eolnr duf* to t he pres<‘nce of tannins. Ae<M) 
to De Ihury, resinoii.s miiltio’ i.*^ al.'-^o a eon.'^tilnonl. 

Central Cylinder. The (jrai/nd (nin urfu/mit nm is m.-idc up of c'cll.^ 
.Miincwlnit larger hut ihiiiner-wnlled than 1 of ihc <'fjrto\-. The 
.sfd/rh (jniins vary in hiz(‘ in ditTerfUil .'^anijile.s und in different 

<’oniis of thiv'^aiije .'-aiiif )le, a.< th(‘ following incnsiircinent.*^, hy die writ er.<, 
of llie iarg(‘st grains illustrate: 'I'rini<l!id d.a.'^heen ein. in dianietfO’ 
from 1{. A. \'oung, 11 /i; sample similar to tlu* last, from N(*w Vork 
Chinatown, [) ii\ .'sample i'on.v^ist ing of two eorms and thn*e c<»naels of 
flashf'en from H. A. '^'oung, 1 1 fx, in all hut one eorni in 'whieh it was 
only 1 g; two .‘^ainple.s of taro from IC A. doling, 7 g and 3 g; .sample 

I'.S. Dept. Agr., Bur. riant Iiut. ItJiO, liuL 1S4. 
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of taro starch of unknown origin, 9 /u. Barrett^ gives 3 ac as the maxi- 
mum. In shape, the grains are pol 7 gonal or truncated according to 
their position in small aggregates from which they readily separate. 
See Commercial Starches, Volume I, 

Raphides may or may not be present. For example, in Trinidad 
dasheen, according to Young, they are absent or few; in Penang taro 
they are said to be present, although in a sample examined by the 
writers none was found. They are especially numerous in the leaves 
and petioles. Black’s experiments^ indicate that the acridity of aroids 
is due to the presence of raphides. 

Fibro-mscular Bundles , — The vessels are mostly large (up to 80 p), 
either spiral (sp^) or spiral-reticulated (sri, sr^). The spirals may be 
loosely or closely wound and may consist of several strands. Cross 
sections show that the vessels form curved rows on both sides of the 
phloem, often nearly completely enclosing it. The sieve tubes (s) have 
indistinct callus plates. Bast fibers are absent in the bundles of the 
fleshy tissue but occur in the scales. 

Latex tubes (1) accompany the bundles, sending off branches into the 
ground tissue. They also occur in the phloem and away from the 
bundles in the ground parenchyma. 

Chief STiiucruRAL Characters. — C orms and cormels rounded, 
with transverse rings and brown shaggy covering over intervening 
surface; inner skin and flesh white or variously colored; cut surface 
dotted with vessels and drops of latex. 

Cortex in many rows. Parenchyma of cortex and central cylinder 
witti starch grains up to 11 ju from or in aggregates. Vessels spiral or 
spiral-reticulated, up to 80 ^i, the spiral vessels often with several 
strands. Latex tubes adjacent to bundles or detached in ground 
parciichyirui. 

CHEMICAL COMPOSITION. — The analyses of taro and dasheens 
in the following t.able are by Kellner,'*^ Blasdalc,*^ Agcaoili,"’ Hcmmi,'' 
and Chung and llippcrton.^ Blasdale notes that his results on starch 
ai'fi much higher than those of Kellner. Included also in the table is a 
summary of 28 analyses by (iiiisu'inbing^ of taros, dasheens, yautias, 
yed( los, and perhaps other aroids which, being distinguished by native 
names, cannot be separately classified. 

‘ U. 8. Dei)t. Agr. Bur. Pliint Ind. 1910, Bui. 164. 

2 Am.. I. Bof. 1918, 5, 417. 

^ Landw. Vera.-8tat. 18S4, 30,42. 

^ U. 8. Dept. Ajjir., Off. l^xp. Sta. 1899, Bui. 68. 

^ Philippine J. Hei. 1916, 11 , 91. 

« J. Col. Agr. Hokkaido Imp. Univ. 1918, 8- 33. 

’’ Hawaii Agr. h]xp. Sta. 1929, Bui. 60. 

** Philippine Agr. For. 1914, 3, 85, 99. 
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CoMPOSiiioN 01 ' Taros aj^d Dabhbenr 


Water |Proteiii 


Kellner.... 80.65 

2.00 

1.39 

Blasdale : 

Small... 74.20 

1.70 

1.67 

67.51 

1.89 

1.62 

AgcaoiJi.... 63.21 

1.29 


Hemmi 79.49 

2.44 

1.81 

C. and R. : 

Chinese J. 72.37 

1.48 


Japanese. . 81.40 

1.44 


Qnisumbing 

49.31 

0.51 


Max.§.... 80.46 

2.88 



Fat 1 

N-f. ext. 

Su- 

Starch 

Fiber 

Ash 

0.17 

15.63 


6.62 

0.70 

0,85 

0.27 

21.54 

1.15 

17.95 

0.98 

1.31 

0.16 

28.68 

1.86 

25.32 

0.66 

1.10 

0.39 

33.61 



1.69 

1.01 

0.16 

16, 24’ 

0.16t 

14.67 

0.76 

0,93 

0.11 

24.23 



0.61 

1 .20 

0.07 

15.34 



0,(i3 

1 .12 

0.0811 


trace 

4.99 


0,42|| 

0.2011 


trace 

26.04 


2.2511 


^Reducing sugars 0 , 12 , dextrin 0 . 14 , jgalactan 0 , 60 , and p^atosans 0 . 66 % 
t Non-reducing sugars, J Peeled. § Inoliides yautias, yeddos, etc. || 5 sampl(». HeducinK 
sugars 0.26 to O.SO, dextrin 0.78 to 4 . 03 % also given. 


Cliung and Hipperton also analyzed the shoots anri petioles resfiec- 
tively, with results as follows: water 95.39 and 93.20, protein 0.92 and 
0.79, fat 0,09 and 0.13, nitrogen-free extract 2.17 and 3.52, fiber 0.53 
and 144, and ash 0.85 and 0.92 per cent. 

Acids.--“In a sample of dasheen Vichoever, Kunke, and Mastin’ 
found oxalic arid 0.49 per cent. 

Carbohydrates. — Hernrni^ found that the heinieellulose of the conn 
and a mucilage that was separated both yielded on hydrolysis r/-galacios(i 
and iJ-arabinose. 

Phosphorus-Organic Compounds. hagaoisarr’* found 1.34 

per cent, dry basis. 

Miaeral Constituents. — (4hang and Ripperton ’ found: 


Ciilchirn Iron 


Alkaliiiily 


Corm: 


Chin<!K(! (peciled), .. 

0.023 

0,0017 


M 

.6 

Jnjxirie.se 

0.013 

0,0015 

0 0,32 

15 

.4 

Shoot.s 

0.013 

0.0017 

0 0.30 

10 

,r> 

PcdiolcH 

0.066 

0.0101 

0 032 

13 

,6 


Exi.>refl8fid as co. norriial acid per ICK) gnirris frenh vegflablc. 

^Science 1917, 46, 546. ^ Philippine A/^r. 11)32, 21, 53. 

®Loc. cit. * Loc. cit. 
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YATTTIA 

Xanthosoma spp. 

Under the j^eneral name of yautias are included species and varieties 
of Xanthosoma. According to Young ^ the yautias, which include 
Rolliza, nut eddo, pica-uncucha, malanga colore, and belembe, are dis- 
tinguished from the taros in having the sinus of the leaf open to the 
leaf stalk. Corms and cormels of some varieties are inedible because 
of their acridity; certain varieties, however, with acrid corms have 
edible cormels. Yautia flour is said to be of excellent quality. The 
belembe (X. hrasilense (Desf.) Engl.) is grown solely for greens which 
are stated to be of particular excellence. 

MACROSCOPIC STRUCrURE. — Practically the same as of the 
taro. In the samples examined numerous bundles run transversely in 
a zone 3 to 5 mm. from the surface which might be mistaken for a 
cambium zone such as is found in exogenous roots and tubers. 

MICROSCOPIC STRUCTURE. — In general histological structure, 
the yautias and taros are practically the same; the starch grains, how- 
ever, are larger in the yautias, reaching a maximum in samples examined 
by the authors of 17 fj,. Barrett^ reports a maximum of 20 }i. As is 
true also of the taros, the largest starch grains occur at the base of the 
corm or cormel, the smallest at the top. 

CHEMICAL COMPOSITION,— Analyses of white and yellow 
yautias made at the Maine Experiment Station, as reported by 
Barrett,'^ follow: 


CoMI’OBITIONfci OF YaUTIAS (EARKKrT) 



1 Water 

Protein 

Pat 

N-f. ext. 

Fiber 

Ash 


0 / 

/fj 

1 % 

% 

% 

% 

% 

While yautia 

70.0 

1.7 

0.2 

26.3 

0.6 

1.2 

Yellow yautia 

70.0 

2.5 

0.2 

26.1 

0.6 

0.6 


Analyses l>y Quisumbiiig of yautias grown in the Philippines are 
included with taros and dashcens in the table given under Taro on the 
preceding page. 

^ U. S. Dept. Agr. 3924, Dept. Bui. 1247. 

^ TJ. S. Dept. Agr., Bur. Plant Ind 1910, Bui 164. 

* Porto Rico Agr. Exp. Sta. 1906, Bui. 6, 
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ARUM 

Arum mmulatum L. and A, italicum Lara. 

, Cuckoopint [A. maculatum) and gigaro {A. italicum) grow wild in 
wet woods of southern Europe, and their corms and cormeLs, although 
peppery when fresh, are edible after drying or boiling. Their chief use 
appears to be for starch manufacture (see Arum ^^tarch, Volume I) or 
cattle food. Both species have been successfully cultivated. 

MACROSCOPIC STRUCTURE. — The cormels of A. maculatum 
are small (1 cm.), those of A. italicum larger. 

MICROSCOPIC STRUCTURE. — The structure is much the same 
as that of taro and other aroids, small, polygonal starch grains (up to 
22 g), hundles, and r aphides being the conspicuous elements. 

CHEMICAL COMPOSITION. — Analyses of cormels of A. italicum 
by Pantanelli^ follow: 



Water 

Protein 

Protein, 

pure 

Sn^arR, 

Iredurinp; 

Dextrin 

Starch 

Ash 

Two years old . . . 
Three years aid. , 

. 65.31 
. 64.07 

1.75 

1.50 

0.81 

0.50 

Vo 

0.15 

0,03 

6.4f> 

0,36 

'/(> 

20 . 70 

21 .74 

% 

0.53 

0.58 


' »StaJ5. si>er. agr. ital. mi 8, 61, 60. 



TUBERS or THE YAM FAMILY 

[Bio^coreacje.^') 

A KUMBER of species of Dioscorea yielding edible tubers are known 
as yams. 

Starch grains, raphides of the cork and cortex, and stone cells of the 
pericycle are the noteworthy microscopic characteristics. 

The solids consist chiefly of starch, 

YAM 

Dioscorea spp. 

Fr. Igname. Sp. Name. It- Ignamo. Gei. Yamwurzel. Chin. Tai-sue. 

Jap. Naga-imo- 

According to H. A. Young, ^ D. alata. L. is the most important and 
most widely distributed of the six species of yam commonly grown for 
their edible tubers in the West Indies, whence they have been introduced 
by the Department of Agriculture into the United States, the other 
species being the yellow Guinea, affou, or Congo yam (D. cayenensis 
Lain.), die lesser yarn {D. escnlenta (Lour.) Burkill), the acorn (D. lati- 
Jolid Lentil.), the white Guinea or negro yam (D. rotundif alia Poir.), 
and the ynmpi or cush-ciish (Z). irifidoJj.i.). 

The C tiiriese yam (J). JkitatasDecnc,) produces tubers of good quality 
hut so <k‘ep seated in the soil as to render harvesting exceedingly diffi- 
cult. This species, under the name of cinnamon vine, is grown as an 
ornamental in the temperate 2onc. 

According t o Osliirria and Tadokoro, ^ both D. Batatas and B^japon- 
ira dliiinh. are common articles of food in Japan. 

iOxcellimt photographs of the tubers of different species appear in 
Young’s bulletin. 

MACROSCOPIC STRUCTITRE. — As in the case of the sweet potato, 
there appears to be a difference of opinion as to whether the tuberous 
organ is a true tuber or a tuberous root. Commonly it is referred to as 
a tuber, but certain characters are more in keeping with a tuberous 

1 U. 8. Dept. Xgr, 192,3, Bui 1157. 

2 J. Col Agr. Tohoku Imp. UniY. Sapporo, Japan, 1911, 4, 243. 
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root. De Bar/; as noted below, refers to them as ^'tuberously developed 
roots/’ 

As stated by Young, the tuberous roots of most of tlio varieties of tlie 
greater yam have white flesh and white or yellowish inner skin, but some 
have yellow flesh, others white flesh and reddish or purple inner skin, 
and still others, purple hesh. In some varieties the roots weigh as much 
as 45 kilos. Those of large size are often irregular in shape, while 
those of moderate size are commonly spindle- or club-shaped, or some- 
what branched at the end. 

On the surface are numerous rootlets often arising from p’ mouneed 
warts. A cross section shows rounded patches of a light color varying 
from less than 1 mm. in the rind to over 2 mm. in the center where they 
are farther apart. Each of these consists of starchy tissue with a 
fibro-vascular bundle in the center. The ground tissue separating these 



Fig. 34.— Yam. Elornents of tuber in longitudinal section, su cork and c-p coriax 
parenchyma, each with a raphidca group (r) ; st atone cells (with crystals) of 
pcricyclo; and v'^ vessels of fibro-vasnilar bundle; sc reticulatorl aclerenchyma 
cells of bundle sheath; am^ starch grains of cells adjoining pcricyclo; starch 
grains of ground tissue. X 160. (A.L.'W.) 

spots is of a darker color and starch-free. A l>rown peripheral line is the 
cork tissue, and a similar line about 1 mm. from the last, is the sionc-ccli 
layer. 

MICROSCOPIC STRUCTURE (big. 34). The following is based 
on a study of the Barbadoes Red Yam. 

Cork (su) forms fifteen or more liens of cells. In surface virnv the 
cells are transversely elongated but are not arranged in regular row.s. 
On the warts the cells are smaller and more nearly isodiainetric. 
Raphides (r) occur in special sacs several times longer than the normal 
cork cells. Varieties appear to differ as to the aiiionnt or even the 
presence of raphides which in the yam, as in the dasheen, are the cause 
of the acridity. 

Cortex.— Adjoining the cork, the cells of the cortex parenchyma (cp) 
are large; adjoining the pericycle they are smaller. Here as in the 
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cork there are raphides in special sacs. If the skin is colored, the cells 
of both cork and cortex contain the color in solution. 

Pericycle. — Stone cells (st)j several deep, form a zone separating the 
cortex from the central cylinder. Most of the stone cells have thick 
walls and contain a monoclinic prism, but some in the inner part 
have thin walls and do not contain crystals. The cell lumen is often 
excentric. 

Central Cylinder. — The ground 'parenchyma, forming a kind of 
sheath about the bundles, contains starch grains; these complexes are 
separated from each other by starch-free parenchyma forming the glassy 
meshes seen with the naked eye. Adjoining the pericycle, the starch 
grains are small — often minute (am }) — farther inward they reach 65 /i 
{an}). The hilum is excentric (1 : 3 to 1 : 6), located in the small end 
of the grain which is often bent; both hilum and rings are indistinct. 
Common forms are pear-shaped, elliptical, and triangular. See Com- 
mercial Starches, Yolume L 

Fibro-vasczilar Bundles. — De Bary^ in considering collateral bundles 
states: “ Among parts belonging to the category of roots they occur 
only in the tuberously developed roots of Dioscoresc {D. Batatas)!^ 
Large reticulated vessels with bold network, still larger, angular 
pitted vessels and smaller forms of both types make up the vascular 
system. l"he sderenchyma cells {sc) of the bundle sheath are variously 
pitt-ed or reticulated. 

Chief STRUcn'ijRAL Characters, — Root-tubers commonly spindle- 
or club-shaped. Inner skin white, yellow, reddish, or purple; flesh 
white, yellow, or purple with numerous fibro-vascular bundles. 

Cork cells in fifteen or more tiers, transversely elongated. Cork 
and cortex containing raphides sacs. Pericycle of stone cells mostly 
ihick-walled mich containing an oxalate prism. Ground tissue sur- 
rounding bundles with elongated starch grains up to 65 g, the excentric 
hilum being in the narrow, often bent, end. Vessels of various sizes, 
oft.en pitted or reticulated. Cells of bundle sheath reticulated. 

CHEMICAL COMPOSITIOH.—The fact that certain varieties of 
sweet potaio('s are known as yams has led to much confusion, the more 
iinfortimate because of the wide separation of the two plants in the 
sdnune of classification. The true yams {Dioscorea) are monocoty- 
ledoiious plants whereas the sweet potato {Iponim) is a dicotyledonous 
plant. Of the 45 analyses which Konig gives in his Compilation under 
the li(ud of Bataten {Dioscorea Batatas Decne. = D.jayoriica Thuiib.), 
about two-tliirds are obviously of sweet potatoes. 

dlie aruilyses of yams given in the following table include those by 
’Comp. Ariat. Phan. Ferns, Oxford, 1884:, p. 319. 
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Eberhardt and Bloch ^ of I D. acuhta (cu-cai-mo), II D. purpurea 
(cu-cot-giaa), III D. alata var. purpurea (cu-carn), IV D. purpurea 
(cu-cot-gian), V D. cirrhosa (cu-o-rong), VI D. apjpositi folia (cii-inai), 
and Via same as preceding but small tubers, all grf>wn in Annain and 
Tonkin; by Agcaoili- of D. esculenta grown in the Jdiilippines; and by 
Heinmi,'^ Adolph,*^ Sherman and Wang,-'’ and Chung and Kippertord’ 
of D. Batatas, grown in Japan, China, China, and Hawaii reKpoctively : 

Composition op Yams 



Water 

Pro- 

tein 

Fat 

N-f. 

ext. 

E. and B. 





I 

()9.89 

1.87 

0.04 


II 

()7.38 

1.31 

0.06 


Ill 

65.40 

2.37 

0.03 


IV 

69.85 

1.12 

0.04 


V 

65.52 

1.37 

0.04 


VI 

62 .55 

1.12 

0.04 


via. ... 
Agcaoili: 

60 .89 

1.50 

0.04 


Tugui . . 

67.49 

1.50 

0. 19 

18.80 

Uhi. ... 

63-70 

2.8() 

0.05 

27.31 

Hcmmi . . . 

70.50 

3,00 

0. II 

24,7f>t 

A(loh)h. , . 

70. sol 

2,21 

O.OO 

m.OB 

S. and W. 

79, S4 

I .73 

0.08 

17.24 

0. and 11, 

7S, 23 

1.11 

0.12 



Sugfira, Siignz’s, 

reduce, lum-rc' SlfU’di AmIi 

iiig luring 

% Vo 


0.20 



24 

,52: 

1.51 

0 

.(»3 

1 

08 

0.09 

0.23 

27 

.35 

1 . 23 

1 

. 15 

0 

(i8 

0.21 

0 

51 

28 

.70 

1 . 35 

0 

,08 

0 

04 

0.40 

0 

47 

27 

.03 

1.40 

0 

.07 

0 

01 

0.18 

0 

22 

29 

.20 

0,83 

0 

.80 

0 

04 

0.08 

0 

25 

33. 

.14 

0,70 

I 

(IS 

0. 

56 

0.10 

0 

35 

27, 

.58| 


I 

51 

1 

,15 






0 1)5 

I 

<17 








I (13 

1 

.45 



0.70 

1. 

51 

28, 

13 

0 (15 

0 

OS 








0 61 

0 

(iO 








0..33 

0 

7S 








0 .(Hi 

() 

08 




fU‘(Iuct('<l. t iViit nHUMH O.flO',' , (icxiriii 0.40' 


The variation in composition betwi^en (he samples of (}h‘ diffoN'iit 
species is searcidy more than would be (‘xjieide'd hiM wi'en dilfermit smn- 
pli'S of the sani(‘ spcH!i(‘s. analyse‘s bring out onix' one distiiiclion 

from sw(‘et point ()(‘s, namely, the lower fat contimt, and (hat., is (}iiit(i 
j)()s.sil)ly due io imdhod of analysis. 

Mucia.““ Ishii " s(*paru ted from the yarn ii slimy suhst uik'i* which he 
conclutled Ixdongs to (he mucins. 

‘ liuL flci. pliarniaccL PK)!), IS, 5(){). 

I’liilippiiie J. Sci. 11)11), 11, ill. 

» ,1. Col Agr. .II()kkai<k) Imp. taiiv. IDIS, 8, .‘111 

'' Philippine .1. Sci. 30, 2S7. 

s Ibid. 1U2<J, 38, f><). 

" Ihuvaii Agr. Kxp. Hfa. 1920, Lul. 60. 

, " " Bui. Col. Agr. Tokyo Imp. Piiiv. 1H94~7, 2,07. 
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OsMma and Tadokoro ^ demonstrated the presence of the gluco- 
samin group in the yam mucin and of glutamic acid, tyrosin, and leucine 
in the protein residue from the glucosamin. 

Phosphorus-Organic Compounds. Phytin. — Bagaoisan^ found in 
the yam 1.56 per cent, dry basis. 

Enzymes. — Tadokoro'^ discov'ered a mucin-coagulating enzyme in 
the tubers of D. Batatas which is different from chymase, the milk- 
coagulating enzyme. 

Mineral Constituents. — Chung and Ripperton^ report the following 
figures in percentages of the root: calcium 0.008, phosphorus 0.041, 
and iron 0.0074 per cent. 

1 Loc. cit. 

2 Philippine Ag:r. 1 932, 21, 53. 

3 Trans. Sapporo Nat. Hist- Soc. 1915, 6, 193- 

^ Loc. cit. 



RHIZOMES or THE WATER-LIIY FAMILY 


{ Nym'phBoucem) 

Ehizomes of the lotus, the representative of this furriily, have 
enorinous air 'i)assages and spiral vessels, also hast fibers. ^Fhe starch 
grains are characteristic. 

Chemical analysis shows that the solids consist Iarg;ely of sianJi 
together with smaller amounts of sugars. 

LOTUS 

Nelumbo nucifmi Gaertn. = Ndumhium spcctoswn Willd. 

Fr. Lotus. It. Loto. Ger. Lotos. CLhii. Lin-ngou, ,Jap. IhiBU-no-ne. 

Although known as the sacred or lOgyptian loins, tJai plant is a 
native of India, Persia, Cochin China, the Philippiin^s, and Australia. 
The loins of I'lgypt i« Nyrnphim Lotus L. 

Both fresh rhizomes and dried slice.sare sold in tlie Chinese (itiarters 
of American cities. The fresh rhizome is (‘aUni hoihal and raw and from 
it is prepared siarch. 

MACROSCOPIC STRUCTIERE. The rluznmc (Idg. .‘15) is 5 to 7 
cm, thick, obscurely six-aiigk'd, witli const riet ions at th(‘ nodes, the 
whole appearing likc‘ links of sausag<*. Sliees t.he rhizome, sueh as 
arc dried and phuHsl on the niark<‘t (log. Ilh, Ij, show sevmi larg(' !uid 
several small air piissages !irranf»:ed ahoiii an air passag(* in the center. 

MICROSCOPIC STRITCTITRE. llie arrangemenl of the l)\m<lh*s 
and air passages has be<‘n siinlied hy Wigaini' and Treeid- and deserilMsl 
and pictured !)y Iki Harv'* on ihenr aut hority. Instead of a single ring 
of bundles with a carnhium zone, as is llie rulf‘ in most dieoiyhsloaous 
stems and their niodifieations, IIk* bundles are di.st li butiai through a 
panmchynnilous ground t is.siu^ niueh as in tin' stem of moiiocotyledon.s 
.such as maize*. 

Epiderm. Thc^ cells are small, polygonal, and eharacl erle.ss. 

Cortex. - IsodianH*trie ixurnchijmn cdls with starch grains form a 

Uiot. 7ji(r, 1871 , J). Hit). 

® Ann. B<'i. iiat, {^nr, J, 6, 1 02. 

-■’Coiiii). Armt. Phan. hVrrjKA ^xfonl, IS84, j), 2.05. 
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tissue, several cells thick, passing into the ground tissue in which the 
bundles are distributed. 

Central Cylinder. — Both the cells and the starch grains in the ground 




Fia. 35. 


Fi(3. 36. 


Fio. 35. — Lotus rhizome. X (A.L.W.) 

Fra. 36.— I^oitis. I slice of rhizoiae, dried. II fruit, entire. Ill fruit, longitudinal 
setilion, showing F pericarp and C cotyledon. 17 seed with longitudinally striate 
spermoderm. X (A..L.W.) 


iusm are larger than those of the cortex. The starch gruins (see Lotus 
Rhizome Starch, Volume I) are commonly elongated, up to 65/i. One end 
of each grain is rounded and contains the excentric hilum; the other 

end is usually truncated and in addi- 
tion may be narrowed or broadened. 

Fibro-vascular Bundles (Big. 37).— 
The arrangement of the 252 bundles, 
as shown by Be Bary, is in ten con- 
centric rings, the phloem of those in 
the third and fifth ring from the center 
being turned toward the center, while 
that of the others is turned toward 
the periphery. Vessels of the fourth, 
fifth, and sixth rings form single radial 
rows in the ground tissue separating 
the air passages, while those in the 
other rings follow a more complicated 
system. 

The hmi fibers (J) are broad but 
thin-walled; the sderenchyma cells 
(sc) accompanying the vessels are 
polygonal in form and have reticu- 
lated walls. The vessels (sp) are of spiral form with as many as ten or 
more strands. Their enormous breadth is noted by Caspary, ^ who 



Fro. 37. — Lotus. Elements of 
fil>ro-vaH(!ukr biiiidle of rhizome 
in lorigitudinul section, sp spiral 
vessel 265p. broad; / bast fiber; 
sc selereneliyma cells adjoiniag 
siiiiul vessel. X 160. (A.L.W.) 


^ Monatsb. Berlin Akad. 1862, 7. 
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records 567 n as the maximum. Fig. 37 shows a yessel, from a rhizome 
sold in New York Chinatown, of oval form measuring 352 ^ through 
the larger and 192 ij^ through the shorter diameter. A comparison of 
the vessel in this cut with others in this work magnified the same num- 
ber of diameters shows the great range in size of spiral vessels. 

CHiEr Structural Characters. — Rhizomes sausage-like, showing, 
in section, air passages. 

Epidermal cells in longitudinal rows. Ground tissue containing 
elongated starch grains, up to 65 ju, with excentric hilum. Bundles in 
concentric circles with broad but thin-walled bast fibers, pitted scler- 
enchyma cells, and spiral vessels up to more than 500 g. 

CHEMICAL COMPOSITION.— Single analyses of the rhizome by 
Blasdale, ^ Adolph,^ and Chung and Ripperton^^ follow: 


CoMPOsinoN’ OF Lotus Ehizomes 



Water 

Pro- 

tein 

Pro- 

tein, 

pure 

Fat 

N-f. 

ext. 

, , r 

1 

Bugjira, 
ru< hie- 
ing 

Sii- 

Starch 

10 her 

Ash 


0/ 

€/ 

<’/ 

e/ j 

(>/ 


('i 

c/ 

c:' 

(>' 


/U 

hi 

/(} 

hi 

hi 

/(> ' 

/<> 

/(I 

/'(- 

iO 

riuf.tliile 

84, 2() 

1.57 

0.91 

0.19 

12.46 

2.18 

o.3:i 

7.71 

0.76 

0,76 

Adolph (“Ou”) 
C. ami R 

8(>,72 

8.3,20 

i.oe 

2.3S 



0.09 

0.08 

9.(57 

12.35 




0 . 76 
0.(59 

1.10 

1,33 


Mineral Constituents. — (’hung nnd liipperton found: ealdiim 
0.025, iron 0,0027, and phosphorus O.OHG per ecuil ; also alkalinity of 
ash 9, expressed as cubic centimeters of nc^rmal add p(‘r 100 grains of 
fresh vegeiabk'. 


’ (J. S. Dept,. A^r., Off. Exp. Stu. 1H0<), Hul. 68. 
2 Phi]ii)pine J. Hci. 192(5, 30, 287. 

» Hawaii Agr. Kxj). Sta. 1929, Bui. 60. 



TUBERS OF THE MINT FAMILY 


(Laliatse) 

This large, widely distributed family is of great economic impor- 
tance, and many genera are cultivated because of the volatile-oil content 
of the stems and leaves used as drugs and condiments. One species, the 
Japanese potato, produces an edible tuber much prized in the Orient 
and introduced into Europe and America some years since. 

Characteristic chemical constituents are stachydrine, a nitrogenous 
base, and stachyo,se, a tetrasaccharide. 

JAPANESE POTATO 

Stachys sieboldii Miq. 

Fr. Crosne du Japan. Ger. Japan Knollen. Chin. Kan-lu. 

Jap. Daima-gik- 

This remarkable vegetable is a staple crop in Japan and has been 
grown successfully in Central Europe.^ Hanausek^ has shown that 
this species is not tuherijera ISTaud. 

MACROSCOPIC STRUCTURE.—The slender jointed tubers grow 
at the ends of the underground stem, reaching a length of 5 cm. Two 
opposite scales (leaves) are present in each constriction. 

MICROSCOPIC STRUCTURE. — The minute structure is exceed- 
ingly simple, die eptder^mof polygonal cells and stomata, the remarkably 
small cells of the parenchyma , and the bundles with small sieve tubes 
being tlie only noteworthy tissues. Stachyose is in solution. Starch 
is said to be present in freshly dug roots. 

CHEMICAL COMPOSITIOR.—An analysis by Strohmer and 
made in Austria and one by Sherman and Wang^ made in China 
appear on the next page. 

Proteins. — The total nitrogen was found by Strohmer and fetirt 
to consist of pure protein nitrogen 19.01, nuclein nitrogen 8.13, ammonia 

1 Just: Ueiit. Landw. Presse 1891, 282. 

- Forseb. Ber. Lehens., 1894, 1, 72. 

‘*Oester. ungnr. Z. Zuck. Inti. Landw. 1891, 20, 803. 

* Philippine J. Sci. 1929, 38, 09. 
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Composition op Japanese Potatoes 



Water 

Protein 

Protein, 

pure 

Pat 

N-f. exi.. 

Fiber 

Strohmer and Stift 
Sherman aad Wang 

% 

78.05 

77.13 

% 

4.31 

2.88 

% 

1.17 

% 

O.IG 

0.08 

(’/ 

/o 

15.55* 

17.09 

0/ 

ki 

0.73 

0.82 



* Stacliyose 13.92%. 


nitrogen 7.84, amido acid amide nitrogen 42.96, amido acid nitrogen 
16.26, and undetermined nitrogen 5.80 per cent; total 100 per cent. 

Nitrogenous Bases. Stachydrine • HijO). - .Eiigeland ^ 

states that stachydrine is a completely methylated amino acid, the basis 
being a-pyrrolidine-carboxylic acid, and is identical with ?Mnethyl}iygri- 
nic acid described by Willstatter. ^ Schulze and drier isolated ntachy- 
drine from the tuber, confirmed WilLstiittor’s .synt}l^^sis, and assigned to 
it a tentative structural formula. Ackermann, Holtz, aiul Hciinvveiii'^ 
suggest its possible identity with actinine of sca-aiKunonos. 

Other bases shown by Schulze and dhier"' to lie present are choline, 
trigonelliTie, and arginine. 

Carbohydrates,- AS7r/r//,?/o.sT +-41120), first isolated from 

the Japanese potato by Planta'' and later found by Planta and Schulze^ 
to constitute 14 to 73 i)er cent of the solids of tlui tub<‘r, was shown Ijy 
Tanret^ to be identical with inaiinoietrose, a teira -saccharide^ pr-asemt in 
the manna of the ash tree. It is probably ideuilicai with t he lup(M)se 
found by Schulze** in lupines. It has the formula: 

( '(dE li b — G “ t oHii)^ ),i — < ) — ( 'nil ],,( )t ~ t \dl 1 d )5 

Lovu1<jH(! dnlmiiiMt; Oaliicf i.m)* 

Mannotriose is cI(.)S(*ly rcdattal, the levuhisi* radical being (diiaiimtcd. 

Stacliyose is a c*()lorl{‘ss crystalliiH* suljstancc* with a .sw(‘c( \i 
readily soluble in wat(‘r, strongly dext rorotaloiy (anhydridi; 

148'‘), hydrolyzalile to iiiaiinotriose jiikI h'vulosc* by inv(‘rtase ind 

K\irh. Pbami. UK)'), 247, Uui. 

■"Ber. ItOO, 33, I KiO. 

•Mhid. lOlO, 42, UOM. 

*Z. Biol. 192‘1, 81, f)l. 

^Z. pliymol. Ch(irn. 11)10, 67, iiO. 

®Lan(lw. VerH.-Stal. 18S0, 26, 47:b 

7 Bor. 181K), 23, 1092; 1891, 24, 2705. 

^Coiiipt. rend. 1994, 136, Ifjlil). 

»B(‘r. 1910, 43, 22150. 
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acetic acid and to its component hexoses by strong acids. Vintilesco ^ 
states that emulsin, acting after inyertase, causes complete hydrolysis 
to one molecule of glucose and two molecules of galactose. It is non- 
reducing, does not decompose with dilute alkalies, and as shown by 
Barther and Bierry^ and by Bierry^ is not digested by vertebrates but 
is acted on by enzymes present in certain mollusks and crustaceans. 

Pectin. — Cliarpentier,^ by precipitation of the aqueous extract with 
two volumes of 86 per cent alcohol containing 1 per cent of hydro- 
chloric acid, obtained 0,26 per cent of pectin wdth a rotation +119.8° 
and found that it was coagulated by pectase. 

Mineral Constituents. — Bailey^ reports, in a sample containing 
water 78.9, protein 12,04, and ash 1.09 per cent, the folio wring constitu- 
ents of the ash: K2O 0.64, CaO 0.03, and P2O5 0.19 per cent. 

Minor Mineral Constituents. Aluminum . — Tuber 73.7 mg. per kilo, dry basis 
(Bertrand and Ldvy).® 

Zinc . — Tuber 3.2 mg, per kilo, fresh basis (Bertrand and Benzon).^ 

1 J. pharm. chim. 1909, 39, 167. 

^Compt. rend, soc. biol. 1908, 56, 735. 

^Compt. rend. 1911, 152, 904; Biochem. Z. 1912, 44, 446. 

^ BuL soc. chim. biol. 1924, 6, 142. 

Cornell Agr. Exp. Sta. 1891, Bui. 37, 382. 

0 Corapt. rend. 1931, 192, 625. 

7 BuL soc. byg. aliment. 1928, 16, 457. 



TUBERS OF THE NIGHTSHADE FAMILY 


(Solanaceae) 

The potatO; described below, is the only iniportant specicK of the 
family yielding edible tubers. 

The starch grains, crystalloids, and the bicollateral himdlcs with 
meshes of vessels arc the bistDlogical elements of chief interest. 

Potatoes arc preeminently a starchy food^ although tlie prohdn adds 
to the nutritive properties. The starch may exceed three-quarters of 
the dry matter. 

POTATO 

ISolamim tuherosum Tj. 

Fr. Pomme de terre. Sp. Patata. It. (kr. KartoiTel. 

Since its introduction inf.o luiropcj from the higlilands of (’hile and 
Peru toward the dose of the sixteenth c(‘niury, the potato has had a 
profound influenc(3on the civilization of teinpcrat(‘ n'gion.s. 

The great number of varieties have been produefsl by breeding and 
cultivation, the chief poiiitsof (lifferencf' being siz(‘, form, (h'pth of (yes, 
color, starch content, produotiven(‘.ss, and rf‘Kist!in(a> to disease'. llKO’f* 
arei brown-, yellow-, orange-, pink-, purf)le-, and hlac'k-t ubenal varieties, 
the color being lar-gely in th(‘ skin and out(U’ (‘ortex. l’h(' wild .‘Speeds 
and C(‘rtairi of th(‘ (‘arli(‘r vari(‘ties prodiiet^ an abiindane(‘ of seed in a 
fruit, or s(‘ed ball about 1 ctu. in (liainet(*r, but most (d ihe improved 
varielies ripen s('(m 1 sparingly if at all. 

In the, United Si at(‘s, |)otat oc's are us(mI lar’gelv ns human food, only 
the culLs })eirig utiliz(‘d for eattk* food or teehnien! jjurposfs, wlioivns in 
lOurope, particularly in flormany, large (jiiantilies .‘-cr\-e as ealtle food 
and for the manufaelurf^ of star<‘fi, glueosc*, dextrin, and .spirits. 'They 
are })laeed on the market almost (‘xelusiv(‘K' as tli<‘ wdiole tuber, dri(M| 
pot atoes and tru(‘pot(ito flour p(»1ato .sfareh is often inc(irr(‘(‘tlv t<'rn)(‘(i 
IKitato ilottr- hfdiigof small iniporl;m(*<' and (‘aiined potatoes praefieallv 
unknown exxeept as an ingr<*(lienl of carim'^l ha.sli mnl soups. 

Thin slices fried in (i(M‘p fat and salted, known in th(‘ Pnitf'd bta1f‘s 
as Saratoga chips nr potato (diip.s, ar(( not only pivpnnal in thf* kitchen 
as noe(ied but also on u conimereial scale and sold in wa.x(*d muitairier.s. 
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MACROSCOPIC STRUCTURE. — While the morpkological nature 
of the sweet potato is perhaps still unsettled, there is no doubt that the 


common potato is a swelling at the end of an underground stem, hence 


a true tuber. At any early stage of de- 
velopment (Fig. 38, left) distinct scales 
(abortive leaves) subtending the eyes 
(shoot buds) are clearly seen but later dis- 
appear leaving a marked transverse 
wrinkle. The surface of a normal ma- 
ture tuber j exclusive of the eyes, is quite 
smooth with small, round lenticels, 
although lamellae of the outer cork often 
slough off here and there; the surface 
of scabby potatoes, however, is much 
roughened. 

A median longitudinal section (Fig. 
88, right) sho'vfs the cortex separated from 
the pith by the bundle zone and the core 
of the pith with branches running to 
the eyes. The thickness of the cortex 
reaches about 1 cm. in large potatoes 
(about 8 cm. broad). Both the bundle 




Fig. 38. 


Fig. 39. 


Fi(i, 38. — Poiiiifj. Jjcft, tuber ia uarl^^ stage with scales siibtcading eyes, X 1. 

mature tiiljcr in longitudinal section showing cortex separated from the 
pith, by the bundle zone, also pith core with branches to the eyes. X 

(A.L.^.) 

Pio. 39. — Potato. Tuber in cros.? section.. S cork; al crystalloids and n cell nuclei 
contained in outer cortex; am starch grains; outer phloem; P- inner phloem; 
X xylem with v vessels; Cm cambium. X 160. (A.I.W.) 


zone (1 to 2 mna. thick), which meets the eyes in their depressions, and 
the core of the pith with its branches are recognized by their glassy 
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appearaaoe. The greater part of the whole tuber is pith, and the pro- 
portion is still greater after paring with a knife which, unlike scraping, 
removes a considerable portion of the cortex. 

Sometimes irregular cavities with dark-colored, tough lining form in 
potatoes, the nature of which is noted below. The sprouts, which grow 
out from the eyes in the Spring, are white and have numerous hairs. 

MICROSCOPIC STRUCTURE— The various tissues of the plant, 
especially those in the tubers such as cork, bundles, aleurone grains, 
and starch grains, have been subjects for journal articles and descrip- 
tions in the treatises, but comprehensive descriptions of so important 
a vegetable have been singularly few. Of recent articles, those by 
Reed' and Artschwager^ are particularly instructive. 

cm c s 


Fig. 40. Fio. 41. 

Fin, 40.— Potato. Cork of tubor in Kurfaco view, hu cells of tlio wiiooth cork 
with a: central cell of a radiating group, /cnncllsof a lentirel. X 100. (A.I^.W.) 
Fig. 41.— Potato. Outer (right) and inner (left) phloem of bioollateritl fihro- 
vascular bundle of tuber in longitudinal Hoetion. cm. cnnihiuin; n wove tnbra; 
c companion cells; p parenchyma. X 160. 

Cork (1%. 39, S', Fig. 40, «?/.). --Hi.rippingH frf>in a boiled potato, 
after ruptured colls have been scraiK‘d ofT, show that, t he cel Ik are polyg- 
onal, isodiamoiric, or varinu.sly elongated, often with obviou.s division 
into daughter cells. Arrangement in iransverse row's, so couhiioii in 
root yegetables, is not evident, but a score or more of cells arc often 
arranged irregularly about a eent(*r, the intersection of such groups 
forming a bewildering pattern suggesting that fre(|iierit ly seen in tile 
pavements. In cross sections the outer cells with ruptured walls and 
adhering soil, also the several tiers of perfect cells, are (dearly seen. 
Cells of the lenticeh (Fig. 40, len) are small, rounded, often sfiparaiiid by 
intercellular spaces. 

'Ann. Hot. IfllO, 24, f)37. 

= J. Agr. Res. 1P18, 14, 221 ; 1924, 27. 800. 
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Cortex (Fig. 39).— Adjoining the innermost tier of cells of the cork 
(phellogen) is the ontei cortex which is recognized by the isodiametric 
cells. These contain numeious durch grains {am) and occasional crys- 
talloids (al). Proceeding inward, the cells and the large starch grains 
increase in size. 

The crystalloids noted by Cohn^ in 1859 and pictured by Unger ^ 
are characterized by their cubical form. With iodine in potassium iodine 
they stain bright yellow. 

Stone cells occasionally occur in the cortex. A typical one measures 
lOO ja in diameter with finely pitted double walls 8 p. thick. Art- 
schwager classifies the different varieties of potatoes according as stone 
cells are wanting, sparingly developed, or numerous. He also notes the 
presence of tannin vesicles near the bud, especially during sprouting. 

Phloem (Fig- 39, P^; Fig. 41). — Of special interest are the fibro- 

vascular bundles of the potato tuber, as well as other parts of the plant, 
which are bicollateral with phloem on the inside as well as the out- 
side of the xylem. The elements are sieve tubes (s), comjoanion cells (c), 
and ground parenchyma (p). The cells of the ground parenchyma of 
both phloem and xylem groups are smaller than in the medullary tissues 
between and differ further in not containing starch grains. The 
xylem group, as shown in Fig. 39, is separated from the inner phloem 
group by several large cells with starch. 

Phloem groups also are scattered through the tissues inside the 
bundle zone, that is, in the pith and the pith core with its branches; 
xylem tissues are restricted to the bundle zone. 

Cambium (Fig. 39, <7m; Fig. 41, cm ). — Typical cambium cells occur 
only in the bundle rays between the outer phloem and the xylem. 
Between neighboring bundle rays the cambium cells are replaced by 
normal large parenchyma cells. 

Xylem (Fig. 39, X; Fig. 42). — A piece of potato pared down to the 
bundle ring, boiled, and carefully freed from the pith shows on being held 
up to the light the meshes formed by the vessels. On further boiling 
with 1 per cent sulphuric acid and mounting, the vessels are seen to 
have a great variety of markings and are connected by numerous side 
branches thus forming the network. Especially noticeable are double 
spiral vessels (sp) and broad reticulated vessels (r^) with wide meshes. 
There are also present other types of reticulated vessels (r^, r^) and pitted 
vessels (pi), many with side branches. 

Pith. — Aside from the occurrence of phloem elements, the tissue con- 
sists of large isodiametric parenchyma cells containing starch grains. 

schles. Ges. vaterl. Cult. 1859, 37, 72. 

^Weifis: Anat. Pianzen. Wien, 1878, p. 144. 
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Unlike that of roots, the parenchyma of the pith, as well as of the 
cortex and bundle zone, is not in marked radial rows as seen in either 
cross or longitudinal-radial section. The cells are somewhat rounded 
with small intercellular spaces at the angles, but sac-like cells readily 
separating as such, or cells with large intercellular spaces of the type 
found in the banana and sweet potato, are lacking. 

A potato pared by cutting, not scraping, consists largely of pith. 
It is here that the starch grains reach their rnaximiiin size which for 
perfect normal grains is about 100 g. When it reaches 1 10 g, the grain 
is usually damaged or deformed, often with central rifts, (mlargc^d hilurn, 
or cracked edges, approaching the condition found in the cooked or 
snrouted tuber. Elliptical forms, with an excentricity of about 1 ; 2, 

are the commonest among 
the large starch grains. 
When t rimcatcil or irregular 
at one end, the hilurn is 
iiKiially in the rounded or 
perfect end which is com- 
monly the narrow'er. The 
greatest irregularity of 
form occurs in grains about 
the slern {*n<l; in otiier res 
gions, they are commonly 
much more rf'gular than 
drawn by most aulliors. 
See also Poluto Starch, \'oI- 
um(‘ I. 

fVeV//r.s', f(»rni<‘d hy the 
iiT<‘gular growth of li.ssucs, 
oftmi occur in thf; core of tlu^ tuber. Tlrey have a dark lining (lii(‘ 1 o 
t.}i(? scdiTcujcbymat izatiori of the eells. 

Sprouts which ai)pear in the sjrring contain ,sf(irrh (jrnitts liln- 
those' of tlif^ iuh(‘r but smaller. During sproutiiif];, the grains of flic 
tuber beconif's ch'ar and trans|)ar(‘nl and the rings ifidistinet. The 
hairs on tlu^ sjirouls are jointed, soiiu* of the joints ofteai la-iiig 
slirivelf'd. 

(huKF Stiu'oti'h.al ( hiAiiAoi'KHs.- Tubfo' of variniis colors witli 
“ cy('s ” (leaf .scars and buds). Longit u<iiiiai s(‘clions showing thin 
cortex, narrow lajiidle ring, and bulky pith witli braiiolK'.s to the* (‘Vf's. 

(V)rk of irregularly polygonal c<‘Ils: ('ortex and pith of isodiaim^tric 
cells containing starch grains up to lOOg fimperfea't grains somewhat 
larger) with cxcent ric hilurn and occasional culiicail crystalloids. Bundles 



-Fic. 42. — Potato. Network of ves.scls in tun- 
se'cliori. ,rj) spiral ve.ssi'l with two 
Birands anaKtoiiiosine; at fiie ba.se; ]>i. piited 
and and r’ nd.if'ulated vo.ssols. / ICO. 

(A.L.W.) 
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bicollateral; vessels of various types-— spiral, reticulated with wide 
meshes, and pitted— forming network. Cambium layer interrupted. 

CHEMICAL COMPOSITIOH. — In the following table are results 
on whole potatoes compiled by Jenkins and Winton, ^ on the edible por- 
tion of potatoes, as well as boiled potatoes and potato chips (potatoes 
sliced and fried in deep fat), compiled by Atwater and Bryant;^ and 
on evaporated potatoes by Jaffa 


Composition of American Potatoes 



Samples 

Water 

Protein 

Fat 

N-f. ext. 

Fiber 

Ash 

Fresh, whale (J. anclW.): 

12 

% 

75.37 

82.15 

% 

1 .14 

% 

0.02 

% 

14.05 

20.37 

% 

0.28 

0.85 

% 

0.78 

1.16 

0.96 

Max 


2.98 

0.18 

A "ver 


78.89 

2.14 

0.10 

17.36 

0.56 

Fresh, edible portion * 
(A. and B.) : 

Min 

136 

67.8 

1.1 

13.3 

0.2 

0.5 

Max 


84.0 

3.0 

0.2 

26.5 

0.9 

1.9 

Aver 


78.3 

2.2 

0.1 

18.4 t 

10 

Kvaporatod (Jaffa): 

Min 

3 

4.8 

7.3 

0.4 

79 

.5 

2.7 

Max 


8.7 

9.5 

0.4 

82.2 

3.6 

Aver 


7.1 

8.6 

0.4 

80.9 

3.1 

Boiled, whole (A. aiidB,): 
Min 

11 

69.7 

1.8 

0,0 

16 

. 1 

0.7 

Max 


81.0 

3.1 

0,4 

26.6 

1.4 

/\vcr 


76.6 

2.5 

0.1 

20.9 t 

1.0 

Chipw (A. and B.): 

Min 

2 

1.8 

6.0 

35.5 

42.7 

4.5 

IM; LX 


2.0 

7.0 

44.2 

50.6 

4.5 

Av(3r 


2.2 

6.8 

39.8 

46,7 

4.5 



1 




1 



‘ W)' of wfujlfi. t Filler, Biiiiiples, 0.4% J Fiber, 1 sample, 0.6%. 


Wat.Hou^ (letorininod solids and starch in 12 varieties, grown in states 
cast of the Kocky Mountains, with average results respectively as fol- 
lows: Connecticut 22.74 and 17.05, Indiana 18.87 and 15.13, Maine 
20.18 and 15.42, Massachusetts 22.04 and 15.31, Michigan 22.17 and 
14.01, North (hirolina 19.98 and 15.14, Pennsylvania 20.58 and 16.01, 
and Virginia 23.06 and 15.62 per cent. 

1 U. S. Dept. Afjfr., Off. Exp. Sta. 1892, Bui. 11. 

2 Ibid. 1 OOf), Bui. 28 rev'. 

* California Af?r. Exp. Sta. Hep. 1898, p. 154. 

* Virginia Agr. Exp. 8ta, 1895, Bui. 56. 
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Analyses of Utah potatoes, made by Cutter, ^ showed 29.58 per cent 
of solids and over one-third more starch than that in eastern potatoes. 
Widtsoe,^ during two years, analyzed a large number of samples with 
results as follows: 1894, solids 19.74 to 28.12, aver. 25.39, starch 13.98 
to 22.49, aver. 17.86; 1895, solids 15.44 to 32.47, aver. 22.06, starch 
10.17 to 23.29, aver. 16.39 per cent. Idaho also produces potatoes with 
high starch content and desirable baking qualities. 

Colorado potatoes, as appears from the investigations of Headden, ^ 
instead of being midway in composition between the product of regions 
east of the Rocky Mountains and the Utah-Idaho region, as might be 
inferred from the geographical situation of the state, are even lower 
in starch content than those in the eastern section. 

Examinations of 93 samples of potatoes from 64 localities made by 
Sebelien^ permitted the following grouping by starch content: 26 sam- 
ples 13.9 per cent or less, 19 samples between 14 and 15 per cent, 17 
samples between 15.1 and 16 per cent, 23 samples between 15.1 and 
17 percent, and 8 samples 17 per cent or over (maximum 20.1 per cent). 

Hals and Kavli^ determined by direct analysis the usual proximate 
constituents, except fat, also the starch in 33 samples of Norwegian 
potatoes with the following average results: water 79.95, protein 1.86, 
starch 14.27, fiber 0.52, and ash 0.88 per cent. In addition they found 
by calculation 19.2 per cent of solids and 13.4 per cent of starch. 

Composition of Parts of the Tuber. — Frisby and Bryant^ separated 
a sample of potatoes into three parts: (1) the skin, (2) the cortex 
("fibro-vascular layer’')? ftnd (3) the pith flesh "). By scraping the 
raw potato or stripping a potato boiled in its jacket, only the skin is 
removed, but by paring in the usual manner, as apparently carried out 
by these authors, a considerable part of tlie cortex is Analyses 

of the parts and the whole tuber appear on t.he next page. 

Coudon and Bussard^ show a progressive increase in wat(^r an<l pro- 
tein but a decrease in starch from skin to pith, f Considering only the 
cortex and pith, their results are the reverse of those given by Frisby 
and Bryant. 

Goldthwaite^ confirms the results of the French authors, in ttiat he 
found less water but more starch in the cortex Hum in the pith of the 

1 Utah Agr. Exp. 8ta. 18t)l, Bnl. 6. 

2 Utah Agr. Exp. SU. Rep. ISDf), p. 22. 

•'> Colorado Agr. Exp. 8ta. 1628, Bui. 326. 

< Norsk Landnianebl. 1896, 16, 157. 

^Tidfislcr. Norske Landbr. 1903, 10, 535. 

«U. S. Dept. Agr., Off. Exp. Sta. 1897, Bui. 43. 

7Compt. rend. 1807, 126, 43. 

* Colorado Agr. Exp. Sta. 1925, Bed. 296. 
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Composition op Whole Potato and Pahts (FEisBr and Betant) 



Water 

Protein 

Fat 

N-f. ext. 

Fiber 

Ash 


% 

% 

% 

% 

% 1 

% 

Skin 

80.1 

2.7 

0.8 

14.6 

1.8 

Cnrtex 

83.2 

2.3 

0.1 

12.6 

0.7 

1.1 

Bth 

81.1 

2.0 

0.1 

15.7 

0.3 

0.8 

Whole 

81.3 

2.0 

0.1 

16.7 

1 

0.9 


Colorado potato. He also found ttat tke dry matter and total carbo- 
hydrates followed the same trend as the starch. Possibly the dry Colo- 
rado atmosphere explains the lower amount of water in the outer por- 
tion of the tuber. 

Relatioa of Specific Gravity to Starch Content. — Winton^ and 
Watson^ found that the ratio of specific gravity to starch content is 
not a fixed one, and more recently Matzdorf! and Grossgehauer* 
reached the same conclusion; on the other hand Reiehard^ and Shutt® 
note a relationship sufficiently close for calculation of the starch content 
from the specific gravity. 

Relation of Solids to Starch,— Marcher in a series of 55 analyses 
given in Konig’s Compilation (personal contribution) shows percentages 
of starch derived from those of total solids by subtraction of the con- 
stant 5.8. Matzdorff and Grossgehauer® also employ this constant. 
Groldwaite'^ found that 6.7 usually was applicable for Colorado irri- 
gated potatoes, although in some cases there was a wide variation. 

Varietal Characters include composition as well as yield, form, size, 
and color. One desirable character may be sacrificed for another, and 
chemical composition, the most difficult to determine, is seldom thought 
of except as a measure of mealiness or other cuKnary properties. 

The composition of certain varieties as given herewith under other 
heads cannot he regarded as strictly representative as other factors may 
exert a predominating influence. 

Influence of Locality on Composition. — Whether owing to soil con- 
dition or climate, Watson® found that the variety Dakota Red grown in 
Virginia contained 9.75 per cent of starch while the same variety grown 
in Canada contained 14.29 per cent. A difference in climate, however, 

1 Conndcticut Agr. Exp. Sta. Rep. 1887, p. 128. 

2 Log. cit. 

3 Pham. Zeatralh. 1920, 61, 598. 

< Ibid. 1919,60,359. 

^ Can. Dept. Agr., Dorn. Chem. Rep. 1025, p. G5. 

® Loc. cit. ‘’^Loc.cit. «Loe. dt. 
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can hardlv be the reason why Early Rose grown in J.ansing, Michigan, 
contained 12,38 per cent of starch while Early Rose from the same seed 
grown in Grand Rapids, a neighboring; city, coni ained 15.31 percent. 

The difference in the starch content of potatoes grown in the East, 
in Colorado, and in Utah is uncjuestionably due largely to local condi- 
tions which tend to overcome all other influences afTecting composit ion. 
To local conditions may also be attributed in part the unreliability of 
calculated results for starch when the method of calculation is l)ased on 
data secured in other regions. 

Seasonal Variations dependent on climatic conditions are compara- 
tively great. Frosts, droughts, and excessive rainfall may act directly by 
retarding or unduly hastening development or in<lireetly by inducing 
fungous, bacterial, or other diseiues. 

Blomeyer, ^ who recorded the starch content in a large miml>erof 
varieties during 12 years, brought out great seasonal varititions in the 
same variety. For example, one variety contained us much as 22.7 
per cent during one year and as little as S.7 per cent during Jinot her year. 

Relation of Development to Composition.-'- (Hrard- has studied the 
composition of potatoes at ditferent stag<‘s of (Fvdopiiumt. from early 
in July to late in (Jct<)l)er. Analyses w(‘re niadt^ on two portions, the 
water-soluble and th(^ walcr-insoluble, a procedure* that might w(*Il be 


Composition (jk PoTA'roios at Dikkkuk.nt Staoks of I )t';vKLo}’.viKNT (UoiAKo) 



July a 

Aiig. 4 

.XlIR. L',S 

Sept . 20* 

Oct. 10 

0<*t. 21 

Aver, wci^lil (kilo.s). . . . , 

O.OdI 

0 71 !l 

1.270 

1 .520 

1 770 

1 553 



r- 

( 

Sf) 2‘J 

r • 

t 

,S() 7U 

7S. lU 

75 SM 

SI) 22 

i ' 

77 ().') 

S<ilul)l(‘ rruUtcr 

1 7‘J 

:rs7 

;u 

■1 (VO 

4 (17 

1 0(1 

ProU'in 

I :i() 

0 01 

1 10 

2 0(1 

1 00 

1 OS 

Suoroso 

I .IS 

1 .12 

0 (14 1 

0 27 

0 10 

0 02 

li(‘(lu(‘in^ 

0 (17 i 

1) IM) 

! 0 00 

0 (K) 1 

0 00 

0 00 

( orfij.'iiiic mat tor . , 

0 .Mfi : 

0 72 

1) 12 

0 00 1 

1 10 

1 1-1 

A nil 

0 .sr, 

1 11 

1 2S 

I 31 

1 20 

1 40 

Insolubh^ iiiiilf (‘i‘ 

]u ()(> ! 

la 22 

17 7)5 ; 

111 17 ; 

15 22 ; 

IS 20 

Proloiri 

i (Ifi ; 

0 OS 

0 10 ^ 

(1 32 : 

0 10 

0 10 

Standi 

K .10 ! 

1.2 02 

15 <17 I 

17 14 i 

12 70 ; 

1(1 3S 



1 22 

1 <10 

1 IK ) I 

1 21 

0 13 

] (1(1 



Ash 


0 00 

0 oo 

0 (U» 1 

0 0(1 




* A ln'jivy frill Ilf r:iiii ( <l•rllrr^■li nfii.rll v riff cr f 1 «ih « luf c 


' I.iiiidw, .hihrb. lS 7 .'h 2 , ITS. 

• ( 'oinpf. iTiui. IKSU, 108, <102. 
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imitated in future investigations, since thereby the problem of starch 
determination is simplified. 

It will be noted that the protein and starch content during August, 
when the tubers had not reached their full size, was lower than at 
maturity, E]xperiments at the Rothamstead Experiment Station in 
England in 1876-1878 and at the New York Agricultural Experiment 
Station in 1884 show that small and consequently immature potatoes 
contain less starch than large. 

Jones and White ^ found no strongly marked difference in composi- 
tion of tubers dug at dif erent dates. In general, dry matter and nitro- 
gen-free extract decreased while protein, ash, and crude fiber increased 
as the tubers approached maturity. 

Rosa^ found that the percentages of dextrose and sucrose in the 
underground stems are high prior to stolon formation, then diminish, 
and again increase when the tubers are forming. Starch, at first absent, 
increases rapidly with tuberization, while nitrogen decreases. 

Fungous diseases that retard development of the plant also reduce 
the starch content, hence, as shown by Sebelien, ^ spraying with Bor- 
deaux mixture increases the starch content of the tuber. 

Influence of Methods of Culture. — Cutter'^ found that shallow plant- 
ing produced tubers containing 23.1 per cent more starch than deep 
planting, and that close planting brought about an increase in water 
and a decrease in starch amounting to 7 per cent of the total quantity. 

Composition of Seed and Crop. — As a part of an extensive physio- 
logical investigation involving the whole plant, Kreusler® analyzed 
large potatoes grown from large seed and small potatoes grown from 
small seed. Although the crop from small seed contained less starch 
and nitrogen-free extract and more protein on both the fresh and dry 
basis than that from the large, the results, some of which are tabulated 
on the next page, seem insufficient to warrant sweeping conclusions. 

Maturing of Early and Late Dug Potatoes. — Experiments were con- 
ducted by Appleman and Miller,^’ partly to follow the process of ripening 
and test the validity of the claim that immature potatoes are superior 
for seed, hut chiefly to determine the extent to which the maturing 
process continues during storage. In the first table herewith are 
results on the usual proximate constituents, also on starch, sucrose, and 

^ Vermont Agr. Rxp. Sta. Rep. 1000, p. 374. 

^Proc. Ann. Meet. Potato Ass. America, 1924, 11, 107. 

^ Loc. cit. 

^ Loc. cit. 

^ Landw- Jahrb. 1886, 15, 309. 

sj. Agr. Res. 1926, 33, 569. 
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Glassy End.—Tubers with translucent tissues at the stem end, com- 
parable with the '' water core of apples, have been studied by Pen- 
man.^ The tissues affected have high water and low starch content 
owing to withdrawal of a portion of the reserve material for second- 
growth tubers. Certain varieties show this tendency. 

Changes During Storage; Respiration. — In experiments by Nobbe^ 
light was found to exert little influence, but humidity was a more impor- 
tant factor, although not so important as temperature. Stored in a 
warm place (25 to 35° (1), whether in moist or <lry air, the tubers lost 
moisture and gained in percentage of starch, whereas stored in a cool 
place, especially if in moist air, the water and starch cont<mt changed 
but little. Moisture and carbon dioxide were given off in the ratio of 
three or four to one until March when the transpiration of water 
doubled. 

Mullcr-Thurgau^ consider that the principal chemical changes tak- 
ing place during storage are threefold: ( 1 ) respiratory, (2) sugar (sucrose 
and reducing sugars) formation from starch, and (3 ) starcli n^-formation 
from sugar. Respiration is favored by heat and an abundant supply of 
sugar. At slightly below 0° Cl sugar continues to form hut respiration 
is nearly suspended, hence the sweet taste of frozem f)oiat(K‘H. On the 
temperature being raised, starch is re-formed. The following figures, 
secured by Miiller-lliurgau, represent quantities formed or i ransforined 
in one kilo in one hour: 



1 ()'■ 

;r 

1 

!)''■ 1 

I O '* 


riig. 

liiK. 

nig. 

niK. 

rs in rospimtiori 

2,:i 

2 S 

8 5 

i .5 

,r.s ('ot)V(‘rti'(l into st.nrrh . . , 

1.7 

2{) S 

2.5, S 

:u :{ 

.CM .stored 

28 0 

0 0 

4 


Total HI i foriiKM 

.TJ 1) 

82. f> i 

:i;i (i 

.2.5 .S 


Wollny* lia.s sii{)j)I(‘in(mt(Mi t he work of l.h(‘ fon'going invest ig.alors by 
(^x})(‘rini(‘iiis on a large scahi mul confined to th(* lo.ss in widghl ainl out- 
ward morphological eliaiiges during slorag(\ From Oelolau’ to April 1 
th(i iub(‘r.s w(‘n‘ w(‘igli(‘<l Uvi(*<5 monthly and tlu'nNiftcr oii(*(‘ a ni(»nth. 
Tli(^ loss in W('igh(, was gnaatiast, imniediat (dy after digging, tlum <!(*- 
(;r(‘as(‘d until M!ir(*h I , wlicm it incnai.scal, tli(‘ averagfdosscsof 12 v'uriet i(*H 
’ ,1. Victoria I 920, 27, ItU. 

Lnndw. V'em.-Stat . 1K()5, 7, 

Latidw. Jahrl). 1SS2, 11, Zf)!; ISSf), 14, S51. 

^ IdjrM'li. agr. I^hynik. 1891, 14, 2H<i. 
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for the months beginning with October being: 2.02, 1.18, 0.50, 0.50, 
0.81, 0.41, and 0.50, total 5.92 per cent, whereas thereafter the total 
av^erage loss for five months was 21.57 per cent. On J^obbe's assumption 
that one-fourth of the loss was due to respiration, only a little less 
than 1.5 per cent was loss of organic matter due to Winter respiration, 

Appleman ^ has conducted experiments on the relation of starch and 
sugar transfornnation, respiratory changes, loss in weight, and the 
effects of sprouting. Below +4°C., sugars formed from starch were 
found to accumulate, the rate of accumulation being most rapid between 
- 1.5 and -+0.5° G., the maximum of 3 to 4 per cent being reached in 
four to six weeks. Freezing does not hegin until between —2 and 
-3°C. Four-fifths of the sugars thus accumulated again pass into 
starch during storage of the tubers for a week at +21 to +24° C., the 
remaining fifth representing loss through respiration. Most of the 
sugars will disappear after storing three to four weeks at +7.5 to 
+ 10.5° C. Corifirming the results of earlier investigators, the author 
found that respiration goes on continuously in stored potatoes, increas- 
ing within certain limits with a rise in temperature and nearly ceasing 
at just above the freezing point. An accumulation of sugars, germina- 
tion, and moist air accelerate the rate. The heating of potatoes in large 
heaps is due to high respiration and poor ventilation. Storage at just 
above freezing is best for seed potatoes, at 4 to 6° C. for cooking potatoes. 

Later studies of the rest period after ripening ’’) by Appleman^ 
show that the changes that take place are dependent solely on tempera- 
ture involving respiration and transpiration and do not affect materially 
the nitrogenous and phosphorus-organic matter, the lipoids, etc., since 
there is no gradual increase of diastatic, proteolitic, or other enzyme 
jictivity. It is at the sprouting period that profound changes take 
place. 

Schulz*^ found that tubers of late varieties respire more rapidly than 
those of early varieties, although there was considerable variation in 
individual i.iibers. The rate was fairly uniform for three months and 
bore IK) apparent relation to tlic size of the tubers and number of sprouts 
that formed. 

The sugar content of potatoes, as determined by Wright, “^increased 
with the decKuise in storage teinpewaturo from 5 to 0° C. (40 to 32° F.) 
and decreased with the increase of the temperature above 5° G. The 
rale of respiration decreased with the time of storage. 


^ Maryland Ap^r. hixp. Sta. 1912, Bui. 167, 327. 

Srionce 1914, 39, 294; Bot. Claz. 19U), 61, 205. 
^ Liiiidw. Veiu-Stat. 19125, 106, 23. 

* J. Agr. Res. 1932, 45, 543. 



162 


VEGETABLES 


Losses on Boiling. — Independent experiments by Snyder and 
Frisby and Bryant naade in cooperation with the U. S. Departmen 
Agriculture^ show that potatoes, even after peeling, lose little on 
compared with such vegetables as cabbage and carrots. If cooked 
out peeling, this loss may be reduced to an insignificant amount. 


Losses on Boilino Potatoes 
(Parts per 100 of each nutrient) 


Solids 


Nitrogen 


Total 


Protein 


Carlx)- 

Non- 

protein 


Ash 


Snyder: 

Peeled: 

Water cold at start* 
Water cold at start. 
Water hot at start.. 
Not peeled: 

Water c:ol(J at stJirt. 
Water hot at start . . 
Frisby and Bryant: 
Peeled : 

Water cold at start. 
Water hot at start . . 
Not i)e(‘Ied: 

Water (^old at start. . 
Wat.c'.r hoi at start. , 


6 .5 

51.8 


3.1 

15. 8 


3.4 

8.2 


0.4 

1.0 


0.4 

1.0 


3.7 

8.3 

4 3 

4.0 

10. 0 

3 3 

0.3 

0.0 

Of) 

0,3 

1.0 

0,4 



I .Of 

38.3 

18.3 


l.Of 

18.1 


O.lt 

3,4 


O.If 

3.3 

12.9 

2 5 

17.0 

17.9 

2.H 

17.4 

0 . 0 

0 2 

1.9 

1,7 

0. 1 

1.2 


* Soaked before boiling. f Stnrch. 


Relation of Composition to Cooking Qualities. Experiments with 
10 varieties by Von flozsy and Mdszaro.s- led to th(‘ eonclu.sion that 
tubers with low starch and high proteuii coiitfuit hav(‘ Ihi* laxst flavor 
and keeping (lualities hut brought out no correlation hot w(‘en composi- 
tion and disintegration during boiling or fat absorptifui during frying. 

F. T. McLc'an*'^ state’s that \vat<*ry tubers of low starch content are 
preferred for the manufacture of conum'rcial potato chips. 

Sweetmarr* states that superior ine;tliness i.s not at.trihiit able to any 

» Off. Jtxp. Sta. 1897, Bui. 43. 

Z. (Inters. Lehena 1031,61, 174. 

P(‘rH()n.‘d eoinniuniciifioii, 

^ IMaiiu^ Airr. Kxp. Sta. Pjai, Bui. 360, PH. 
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single factor, although high starch content is correlated with inferior 
mealiness. 

Proteins. — According to Osborne and Campbell/ the juice of the 
tuber contains the greater part of the proteins consisting of a globulin, 
tuherin, and a very small amount of a proteose. The tuberin, being 
soluble in very dilute salt solution, is precipitated incompletely and with 
difficulty by dialysis. Thus prepared, it changes to a large extent into 
a modification much more insoluble in salt solution. Alcohol quickly 
brings about the same change. A solution of tuberin in 10 per cent salt 
solution generally coagulates in part at 60 to 65^^ C. but not completely 
until heated for some time at 80® C. 

The Ultimoie Composition of Tuherirb, as found by the above-named 


authors, follows: 

% 

Carbon 53.61 

Hydrogen 6.85 

Nitrogen 16.24 

Sulphur 1.25 

Oxygen 22.05 


100.00 

The Amino Acids of Tuherin, as separated by Sjollema and Hinkes^ 
following Tischer^s method, were present in the following amounts: 


Products of Hydrolysis of Tubeein (Sjollema and Rinkbs) 


% 

Alanine 4.9 

Yaline 1.1 

Leucine. 12.2 

Cystine 4.4 

Glutamic acid 4.6 

Tyrosine 4.3 

Phenylalanine 3.9 

Proline 3.0 

Arginine... 4.2 

Lysine 3.3 

Histidine 2.3 

Ammonia 1.8 


50.0 


The authors further report valine and alanine together 8.2 per cent, 

‘ J. Am. Chem. Soc. 1896, 18, 375. 

“ Z. physiol. Chem. 1911-12, 76, 369. 
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also valine and leucine tngcidicr 1.9 per cent. No attempt was made to 
determine tryptophane^ serine, and hydroxyproline. 

In potato protein Furth and Lieben^ found tnjplopJiane 3.3 per cent. 

Free Amino Acids. — Schulze^' demonstrated the presence of Jmiidine^ 
lysine, and arginine in potato juice; thcvse arc also present in etiolated 
shoots. 

Tyrosine also occurs in potato juice. The darkenin^,^ of cut surfaces 
of the tuber is duo to the formation of melanin through the action of the 
enzyme tyrosinase on tyrosine. Hachn'^ groups different varied ies Jiccord- 
ing to the mclanin-niunber as determined by iitraiion wit.h pot assium 
permanganate solution. His further inycstigat.ionH led him to kilieve 
that melanin formation proceeds in stages and that tyrosinase is a mix- 
ture of several enzymes among which arc a phenolase, an amino-acidase, 
and an unknown condensing enzyme. 

McIntosh,"^ as a means of disilnguishing varieties, us(‘s i,he tyrosine 
reaction employing a slightly alkaline solution of p-cr<'sol, the melanin 
test as measured by the blackening of slices, the oxidase test employing 
benzidine, and the alkali test depending on th(^ yellow color due to 
fiavones. Lauder <aiid ]iol)ertson*'’’ <‘rnploy a modification of the p-eresol 
test and claim that its reliability, when applied to sound, whoh*^ IuIkts, 
is not seriously influenced by locality of growth, rcjiction of soil, seasonal 
variations, or storages 

Porphyrin.- According to Fisch(‘r and ^Scl uv(M*dt el, porphyrin is 
present in potatoes. 

Acids.- As determined by Arbenz, " 0.04 p{‘r emit of oj'fdir arid h 
present. 

ResulfuS by Robertson ami Sriiitlr'^ show that Ok^ hydixigiui-ion <‘om 
central ion increases with growth. I )uring the early .stages it. is grcnitest. 
a,i the stem end, duringf he r(‘sting .st ng(M’t is (piite uniformly <lisiril)uh‘(l, 
during sprouting it increase's at the ryes. 

Carbohydrates. Many re.sulfs on sfan-h and sugars ar(‘ iraduded 
undf^r tJie foregoing lauids. 

Nelson and Auehiiicioss'' disngn'e with earli(‘r invest ignt ors wiif) 
considfued chdiydration of potato .slic(*s e.sseiitial for increasing the 

n. 1021, m, 5M. 

rjaiidw. V^'rs. -Stilt. 1004, 69, 

■*Z, Sf)iritiiHin(I. 1020, 43, Of), lf)4, II I. 

'^ScfittLsh J. .Agr. 102K, 11,. 004; I 0:U , 14, 47, 

•' IhUl lO.'U, 14, 47. 

" Z. phy.siol. Cthi'ni. 102f), 159, I '20. 

Lf'heriHrri. Hvji;. 1!)I7,8, OS. 

^ Biochem.d. KBl, 26, 7(i.‘i 

“ .f. Am. Chem. Soc. 19.43, 66, 37l>0. 
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sucrose content. They present evidence that sucrose in the tuber is 
synthesized from dextrose and levulose, not directly from starch, also 
that oxygen is necessary for the formation of sucrose in potato slices. 

Pectins.— According to Dastur and Agnihotrii all forms of pectin 
increase during growth, but the middle lamella pectin, which forms 
about 80 per cent of the total pectin during the early stages, is some- 
what diminished at maturity. Free soluble pectin, which previously 
was present in small amount, is formed during storage at the expense of 
protopectin and middle lamella pectins, and probably is itself decom- 
posed forming pectic acid. 

Glucosides- Solanin.— 'Ibis glucoside, also classed as an alkaloid, 
as shown by early investigators exists not only in the potato tuber but 
also in other parts of the potato plant and in the fruit of other solana- 
ceous species. There is a conflict of evidence as to its composition, its 
origin, the amount in the tuber, and its toxicity. There may be several 
solanins. 

The following widely differing formulas have been assigned to 
solanin: 

C 52 H 93 NO 18 + m20 (Firbas).2 
C 28 H 47 NO 10 + 2 H 2 O (Cazeneuve and Breteau).^ 

C 4 :]H 75 NOirj (various authors). 

C 32 H 5 iNO]i (Colombano).^ 

As prepared by Cazeneuve and Breteau from potato sprouts, it forms 
colorless needles melting at 250° C. It has a hitter taste, is weakly 
alkaline and soluble in hot alcohol but nearly insoluble in water and 
most organic solvents, amyl alcohol excepted. Warmed with dilute 
acid, it splits up into solanidin and sugars, but the exact nature of the 
reaction is not fully understood. Rhamnose and galactose or else 
rhamnose and glucose appear to be formed. 

jSolamdm resembles solanin in appearance and properties. Firbas 
assigned to it the formula C 4 oHr,i]N 02 , but other formulas (C28H4ilNr02, 
etc.) have been suggested. The melting point commonly given is 
1^1° C.; that found by Colombano is 210 to 215'' C. Colombano states 
that the solanidin from the berries of tSolanum sodommm melts at 190 
to 192°C. 

Solamin (Cr> 2 H 83 N'Oi;i + 3 IH 2 O) was found by Firbas to accom- 
pany solanin in potatoes. It is separated from the latter by recrystal- 

^ Indian J. A^r. Bni. 1934, 4, 430. 

2 Monatsh. Chem. 1889, 10, 541. 

Compt. rend. 1899, 128, 887. 

^ Gaz. chim. ital. 1908, 38 I, 19. 
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lization from 85 per cent alcohol ia which it in morn readily soluble. 
It melts at 208° C. and is decomposed by dilute acid into Bolanidin and 
sugar. 

Solanin Content of Potatoes .— early found solanin in potato 
sprouts, and Spazier^ in potatoes. Bach’^ showed that the outer 
portion of the tuber contains more than the inner and the sprouts more 
than the tuber. It is frequently stated that 70 per cent is removed in 
the parings. 

The figures in the literature vary greatly. Passing over earlier 
results, Burner and Mattis^ give 20 to 89 mg. per kilo m the range for 
normal potatoes of the 1922 and 1923 crops and 277 to 583 for abnormal 
potatoes of the 1922 crop which had caused poisoning. They consider 
potatoes containing over 200 mg. per kilo as unfit for food. Peeled 
potatoes lose part of the solanin on boiling, but unpceled potatoes lose 
none. Griebeh'’ found in one sample 790 mg. per kilo of solanin before 
and 555 after peeling. In one region of Germany, according to Alfa 
and Heyl,^ the solanin content of the abnormal 1922 crop ranged from 
100 to 4Q0 mg. per kilo. 

Schowalter and Hartmann^ found that on storage the 1922 crop 
showed in the parings an average increase from 99,5 to 248.2 rng. per 
kilo, in the interior part a decrease from 225.5 to 172.8, an<l in the whole 
potatoes a slight increase. The sprouts coni ained over t wice as much as 
the tuber. Hansen^ found 1.44 per cent in dried sproutn, 0.1 15 per cent 
in dried skins of raw potatoes, and 0.165 per cent in dried skins from 
cooked potatoes. 

In tests by Morgruintern, table potatoes on an average Cfuit ained 
125 and feeding potatoes 58 mg. per kilo of solanin; also r(‘<l varieties 
(8 samples) contained 119 and yellow varieties (18 sampk^s) 78 mg. per 
kilo. It was further h'arned that unripe tubers contained more solanin 
than ripe and that the formation of the gn^cui color on exposure to 
light was accompanied by a niarkcn! incnuisc^ in .solanin. 'This latter 
point is not, however, in harmony with the viow of S('h()walt(‘r ami 
Hartmann. 

In the crop of the early variety Vntrr I^hcfu dug in lat(^ S(‘pteinb('r, 

^ Berz, Jflhrt). 1827, 6, 2511. 

2 SchweigRcr J. 1831, 61, 311 . 

■M. prakt Chern. 1873, 7, 24S. 

* Z. IJnlers. Nahr.-ClemiBHm. 1024, 47, 97. 

Gbid. 1923, 46, 175. 

« Ibid, m3, 46, 30(5. 

Gbid. 1924, 47, 251. 

»Exprtl. Path. Thcr. 1911), 20, 3K5. 

» Landw. Vers.-Stat. 1907, 65, SOL 
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Valentia^ found by thiee methods an ayerago of 448 mg. per kilo of 
solanin, whereas in wintered seed-tubers only about one-tenth that 
amount was present. 

Influence of Fertilizers on Solanin Content. — Morgenstern^ found 
that humus, moisture, and potash tend to diminish, whereas phosphoric 
acid and nitrogen increase, the amount slightly. Schowalter and Hart- 
mann^ were unable to detect any correlation between fertilizer and 
solanin content. Sabalitschka and Jungermann^ found that nitrogen 
had little effect, whereas, contrary to Morgenstern^s experience, potash 
caused a marked increase of solanin. 

Toxic Effects of Solanin . — As shown by Schmiedeberg and others, 
solanin is unquestionably a toxic substance, but there is a diversity of 
opinion as to whether the amounts normally present are injurious to health 
and whether the epidemics of potato poisoning are attributable to it. 

Weil^ concludes that solanin is formed hy bacteria but is itself 
responsible for potato poisoning. Bomer and Mattis® and others also 
conclude that high solanin content is the cause of certain epidemics. 
Droste,'^ on the other hand, believes that cases of poisoning can usually 
be attributed to toxins, other than solanin, formed by yeast and bac- 
teria. Wintgen ® asserts that less solanin is present in potatoes than is 
usually believed, and that no more is present in diseased than in sound 
potatoes. He was unahle to confirm WeiFs conclusion that solanin is 
formed by bacteria. Hansen ® attributes the cause of the epidemics to 
certain bacterial toxins and believes that solanin is harmless because it 
is hydrolyzed in the stomach to solanidin, which is insoluble. 

It seems folly on the one hand to question that solanin itself is toxic 
and on the other hand to saddle the blame for all cases of alleged potato 
poisoning on solanin without further investigation including quantita- 
tive determinations. When potatoes form the chief article of diet, as 
often is true in continental Europe where the individual may consume 
a kilogram or more a day, an abnormal amount of solanin would doubt- 
less be objectionable if not dangerous, but when the diet is well diversi- 
fied and the potatoes are sound and normal there seems no occasion 
for alarm. A food so largely used should be carefully guarded, 

Q. Zenfcrdh. 1933, 74, 611. 

2 Loo. cit. 

® Loc. cit. 

^ Pharm. Ztg. 1925, 70, 272. 

e Arch. Pharm. 1906, 245, 70; Pkarm. Ztg. 1925, 7D, 1145. 

« Loc . cit. 

^Pharm. Zentralh. 1915, 66, 311. 

8 Arch. Pharm. 1906, 244, 360. 

* Loc. cit. 
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however, and the points in dispute permanently settled by careful 
investigation. 

Phosphorus-Organic Compounds. Phylin . — Bagaoisan ^ reports in 
the tuber 1.70 per cent, dry basis. 

Enzymes. Tyrosinase . — Sec Amino Acids above. The tyrosinase 
activity, as determined by llobertson,^ varies with variety and maturity 
but not with the size, season, environment, and kind of storage. 

Amylase. — Bodnar*'^ found that with the increased activity of the 
amylase the amount of total sugars and sucrose increased, except in 
certain cases where more active respiration unduly diminished the sugars. 
Haehn and Schweigart'^ note that sodium fluoride, sodium chloride, cal- 
cium chloride, glycine, alanine, and leucine activate the arnylolytic 
action of potato juice, while asparagine and glutamic acid are unfavor- 
able. Boby and Burger give pH 6.95 to 7.0 as the optimum for 
amylase. Freshly dug tubers show pK 5.8 to 5.9, increasing in a few 
weeks to 6.4 with an increase of several fold in saccharifying power. 
Rividre and Bailhache^ demonstrated that potato(*s attacked by 
Phytophthora infestaiis, owing to the action of diastmes Hecreted by the 
mycelium, contained 85 per cent of dextrose, whereas sound potatoes 
contained only 40 per cent. 

Oxydase . — BunzoF measures quantitatively the oxydast' of pot atoes, 
employing pyrogallol to absorb oxygen througli the agency of the juice. 
The carbon dioxide formed is determined by sodium hydroxide and the 
oxygen absorbed by means of a manonuder. 

Catalase . — Tests by Ivlinkowski^ brought, out a greater umniini of 
catalase in the skin than in the inn(»r tissues. Buriz(‘il and Keriyoid' 
find less catalase in the tubers than in tlu^ foliage, where it is most 
abundant at the middle perif)d of growth. 

Polyphenoloxfiiasc and a catechol derivat iv(‘, oxidizing to (piiiumc 
when the tissues are injured, arc* .stated by Szent-( lyikgyi aial Metorisx 
to occur in the tuber. With the protfdns or amino aeids, <iuiiiorie forms 
dark-colored products. 

An oxidomluriasr. pre.sfuit in thi‘ polato has })e<m .shown by Miehliii 

* Philippine Agr. H132, 21, 5.1 

2 Proc. Hoy. Hoo. hMirihurgh lO.TJ, 62, 111,100. 

3 Huh Agr.Sia. Iliiiigiiry 11)15, 18, 7.S0. 

< Biochcm.Z. 1023, 143, 515. 

Ferment forw'h. 1032, 13, '2f)0. 

^ .1. Bor. riat. hort. P'ninre, HHM), IV, IP, .341). 

^ P.S. Dept. Agr., JOir. Plant hid. IU12, Hu), 238. 

" Art), biol. {{(‘ifliK. Landw.-P'omtw. iierlin-Dahieiii 11)32, 20, 01. 

« Bui. Tor. Hot. Club. V.m, 60, 450. 

Hinrhem.Z. 1031,233, 23(5. 
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and Severing to bo an aldehydrase reducing nitrate to nitrite in the 
presence of an aldehyde but not capable of changing aldehyde to alcohoL 
Mineral Constituents. — Numerous analyses of the ash of the potato 
have been made by early and recent investigators. The average of 
3 early analyses by Way and Ogston^ and of 40 analyses compiled 
by Atwater and Bryant^ appear below: 


Composition of Potato Ash 



K 2 O 

Na^O 

CaO 

MgO 

Fe 203 

P 2 O 6 

SOs 

Si02 

Cl 

w. and 0. 

% 

59.5 

59.2 

% 

2.2 

4.0 

% 

4.0 

1.0 

% 

5.1 

4.5 

% 

1.3 

% 

18.5 

13.8 

% 

3.0 

6 .S 

% 

3.9 

% 

2,8 

A. and B 






Compared with analyses reported by Wolff, the percentages of soda, 
as given by Atwater and Bryant, are high, while those for lime and 
phosphoric acid are low. The figures for iron given in early analyses 
are usually much too high, and those for sand and silica have little sig- 
nificance since they are dependent on the care taken in cleaning the 
tubers. 

Minor Mineral Constituents. Iron. — Tuber, peeled, 12 mg. per kilo, fresh basis 
(Hhcrman).'^ Tuber, whole, 14 mg. per kilo, fresh basis (Bunge quoted by Sherman).^ 
Tuber, whole, 1 9 samples, 05 to 1 85, aver. 99 mg. per kilo, dry basis (Remington and 
Shiver).^' Tuber 8.5 mg. per kilo, fresh basis (Peterson and Elvehjem).® Tuber, 
2 samples, 15.5, 7.8 mg. per kilo, fresh basis (Toscani and Reznikoff).^ 

Bhint and found that the loss of iron on boiling potatoes amounted to 

22 per cent of the whole. 

Aluminum..— ''luhoT 7() mg. per kilo, dry basis (Bertrand and Levy).® Tuber 
9.7 rng. per kilo, fresh basis (Underhill, Peterman, Gross, and Krause). 

Tuber, whole, 8.5 to 19.1, aver. 14 mg. per kilo, dry basis (Bode 
and llemhd).^' Tuber, whole 1.84, parings (5 percent of tuber) 1.90 mg. per kilo, 
dry basis (Quartiiroli). Tuber, whole, 39 samples, 5.6 to 14.3, aver. 9.4 mg. per kilo, 
dry basis (Remington and Shiver).'^ 

iBiochem. Z. 1931, 237, 339. 

2 Johnson: Flow Crops Grow, New York, 1903, p. 168. 

U. S. Dept. Agr., Off. Idxp. Sia. 190(1, Bid. 28 rev. 

4 Ibid. 1907, Bui. 185. 

Kl Ass. Off. Agr. Chem. 1930, 13, 129. 

fij. Bbl. Chem. 1928,78,215. 

7 J. Nutrition 1934, 7,79. 

« J. Home boon. 1917, 9, 213. 

^Compt. rend. 1931, 192, 525. 

Am. J. Physiol. 1929, 90, 72. 

Biochem.Z. 1921, 124, 84. 

12 Ann. chim. appl. 1928, 18, 47. 
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Copper. — Tuber, 1.9 rng. per kilo, fresh basis, 7.7 mg. fwr kilo, dry basis (Gudri- 
thault).^ Tuber 4 to 6 mg. per kiJo, dry basis (IMaquenne an<i Demoussy).^ Tuber, 
■whole 10, parings 15.1 mg. per kilo, dry basis (Quartaroli).'"’ Tuber, whole, 43 samples, 
3.8 to 19.6, aver. 7.4 mg. per kilo, dry basis (Remington and Shiver).* Tuber, sprayed 
30, unsprayed 18; skin, sprayed 14, unsprayed 21; sprouts, sprayed 41 mg. per kilo, 
dry basis (Cook).® Tuber 6.5 mg. per kilo (Satterfield and Jones).® Tuber 1.7 mg. 
per kilo, fresh basis (Lindo’w, Elvehjera, and Peterson).’ 

Zinc . — Young tuber 2, full-grown red tuber 4 mg. per kilo, fresh biwis ( l^rtrand 
and Benzon).® 

Arsenic . — Tuber 0.08 nag. per kilo, fresh basis (Jadin and Ast riic).® 

Iodine . — Present (Winterstein).’® Tuber, 135 samples grown in Pennsylvania, 
0.01 to 0.22, aver. 0.08 mg. per kilo, dry basis; slightly more in glaeiute^d than in 
non-glaciated regions; no correlation with fertilization, size of tuber, variety, and the 
occurrence of goiter in region of growth was cstabli-shed (P’rear).*’ 

’ Compt. rend. 1920, 171, 196. 

2 Ibid. 1920, 170, 87. 

® Log. cit. 

^ Loo. cit- 

M. Agr.Bes. 1921,20,623. 

® J. Elisha Mitchell Sci. Hoc. 1932, 48, 16. 

’ J. Biol. Chem. 1929, 82, 465. 

® Bui. sac. hyg. aliment. 1928, 16, 457. 

“ Compt. rend. 1912, 166, 291. 

Z. physiol. Chem. 1918, 104, 54. 

J. Agr. Res. 1934, 48, 171. 



TUBERS OF THE COMPOSITE FAMILY 

(Comfositse) 

The Jerusalem artichoke, like the common roots of the family, is 
rich in inuUn. Special cells contain oleoresin. 

JERUSALEM: ARTICHOKE 

Helianthns Tuheroms L. 

Fr. Topinamhour. Sp. GimsoL It. Girasole de Canada. 

Ger. Topinambour. 

Gray states that this species occurs wild in the United States from 
New York to Minnesota and soutWard. It is said that the American 
Indians grew the plant for its edible tubers before the advent of Euro- 
peans, It is now cultivated in both Europe and America, the tubers 
being used as food for man and cattle. The crop is easily grown and 
the yield is large. Swine are particularly 
partial to the tubers and delight in rooting 
them out of the ground. 

The commercial production of levulose 
and levulose syrup from Jerusalem artichokes 
has recently been given attention by Golovin ^ 
in Russia, McOlumphy^ in Iowa, Dykins^ in 
Illinois, and their associates, 

MACROSCOPIC STRUCTURE.— The tu- 
hers (Tig. 43) are irregular in shape, on account 
of the swollen warty eyes, and are further 
marked by transverse wrinkles formed by the 
leaf sheaths. The flesh varies in color from 
white to orange. In most parts the cambium layer is only 1 to 2 mm. 
from the surface. 

MICROSCOPIC STRUCTURE.— As is true of all composite roots, 
inulin is present throughout the tissues. Owing to the warts and 
wrinkles the arrangement of the tissues is much distorted. 

^ J. Sugar Ind. (U.S.S.R) 1929, 3, 140. 

2 Ind. p]ng. Chem. 1931, 23, 1202. 

3 Ibid. 1933, 2fi, 937, 1165. 



Fig. 43. — Jerusalem Arti- 
choke. Tuber, X ¥ 2 . 
(A.L.W.) 
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Cork. — Polygonal cells, tending toward quadrilatoriil, of a yellow- 
brown color, form one or more outer layers, but the t ypical arrangement 
one above another is not well marked. 

Cortex. — In tangential section, the cells arc polygonal or ciuadri- 
lateral; in cross section, they are isodiainetric, rounded, incnaLsing in 
size inward. Moeller* draws some of the cells with thickened and 
sclerenchyrnatized walls; in our specimens, how(*v(‘r, only iniprcigna- 
tion of the walls with resinous matter was noted, Olvuiwvn with 
bright yellow, solid contents are conspicuous; typical latex tubes are 
not evident. 

Phloem . — Sieve tubes and compaimn celh of the primary l)un<lles are 
particularly well marked in cross sections, owing to the rc»fracli(m of the 
swollen walls. Okoresin duds are iiunKirous. 

Cambitim.— Well marked. 

Xylem.— The vemAs are especially miineroiiH rifuir the cambium 
zone, although in the primary bundle.s they ex ((‘ml w(‘ll inward. 'rh(‘y 
are for the most part spiral or spiral-reticulat(‘(l, up to riO /z broad. 
Parenchyma of the bundle rays and nu^dullary rays is not (uasily distin- 
guished in crcjss section, being in bot h parts in w(‘ll-mark(‘d nidial rows. 
In longitudinal sciction, t.li<^ (adls of tlm jylvni yit/'i'iifhijiiut about th(‘ 
vessels an^ longitudinally (dongat(Ml, whru’eas t}K)S(‘ of th(‘ nu'dullary rays 
are more often radially {‘Iongat(‘<l. 

Pith. — Th(‘ c(‘lls in t in* outer part, as in \ he xyh'm zon(\ in radial 
rows wliich gradually (diang(‘ toward lla^ (auiter \vli(‘n‘ th(‘ (‘(dis aiv in 
longitudinal rows. 

Chuck STumn'iiUAL Chakacthus.- - 1 ubers warty and wrinkled; 
fbsh white to orangey (uiiabiuin z()ii(‘ muir t]i(‘ surfuc’c*. 

Cork y(‘lIow-br<)vvn, not w<dl marked. Cortex rvlls i.sodi.'niKd ri(‘, 
iiicuTasing in size inward; okauvsin ducts with hriirht yellow contents. 
Si(wc tubes of tlu^ phloem distinct. Vesseds nn^stly spiral orspiinil- 
rct.icuhiUid, up to iiO g broad; xyhau and pith parenchyma in sinking 
radial row's cha, aging toward venier to longiludiiial. Imiliii prc.siait 
throughout th(‘ (issiu^s. 

CHEMICAL COMPOSITION. d'h(‘ ,]vrmnlvin arlidiolo* is of par- 
(i(aiL‘ir iiiteu’f'st, Ixatau.si^ nit rog(m-frc(‘ (extract i.s largely imilin wliieli 
in ih(^ opinion of ,som(‘ authorities nanka’s it of value a.s a (iiab(di<’ food. 

The a.nalys(‘s in (he following tabk* an* on llu* autlioritv' of Kor- 
nautli, “ St rauss,'* Langworthy, * Ibajuni,’’ .Miiiitz and (brard, (uioteii 

‘ Mik/'owkopuj NahniuaH-C lenu.H.srnittel, 2. liurj, p. .^^>1). 

“ Z. laiidw. Vcn-Huchsw. lUlU, 13, 2(»l. 

Ik'ii. kliri. WofdiKc-hr. IUI2,49, I'il.'i. 

' U, S. I)c])f. \i^v. 1U17, Bui. 468. 

''.1- (./(»]. Afj;r. Hokkaido Imp. I'liiv. lOlS, 6, IU5. 
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by Traub et al., ^ Shohl,^ Shutt,^ and Traub; Thor, Zeleny, and Wil- 
laman ^ : 

Composition op JerusaliDm Autichokes 



Water 

Protein 

Fat 

N-f. ext. 

Sugars Inulin 

Pen- 

tosans 

Piber 

Ash 




% 


% 


% 

% 

Kornauth.. 

00.00 

15.00 

0.66 

75.40 

59.40 


3.35 

5.50 

Strauss. .. . 

72.62 

1.97 


is.ost 




89 

Langworthy 78.70 

2.50 

0.20 

16.70 



0.80 

10 

Hemmi 

82.27 

2.3n 

0.14 

13.28§ 

2. 6.51 

0.79 

0.88 

12 

M. and G. . . 

81.90 

2.46 



11.05 

0.83 


,50 

Shohl 

79.00 

3.1011 

2.33 

0.20 


15.50** 


0.80 

10 

Shutt 

73.23 

0.13 

21.46 


1.23 

1.62 

Traub et al . 

79.80 

2.56 

15.04** 

0.83 

1.08 


* Pure proteiji C,81%. f Includes fiber. J Pure protein 1.25%. § Galactan.0.58%, HReduc- 

iag sugars 0.41%, iioii-reducing sugars 1.74%. t Pure protein 0.90%. =** Water-soluble carbo- 

hydrates. 


Analyses by Bebrend^ summarized below show the composition of 
7 samples of the tuber in Tall and Spring, on the fresh basis. Calcu- 
lated to the water-free basis the averages show that during the Winter 
there was a slight loss of protein and ash, and a slight gain in the differ- 
ent carbohydrates— sugars, pentosans, and fiber. The range in com- 
position was, however, too great to warrant sweeping conclusions. 
The figures are of interest as showing the amounts in this vegetable of 
pentosans, also of the sugars formed by hydrolysis which represent 
hugely inulin in the Tall but, as shown by later investigators, are 
changed during the Winter. 

Carbohydrates.— Corroborating results by Tubrunfaut obtained in 
1367, H. Colin states that juice of the Jerusalem artichoke is strongly 
levorotatory in October owing to an accumulation of inulin but dextro- 
rotatory in March. Sucrose is always present but the amount increases 
during the Winter. The juice of the stored tuber polarized +10 direct 
and -55° inverted, showing that levorotatory substances C‘ levulo- 
sans ^’) are present. 

Colin in a later paper® concludes, from analyses made at different 

1 J. Agr. Res. 1929, 39, 551. 

^ J. Am. Chem. Soc. 1923, 46, 2754. 

" Canada Dept. Agr., Dorn. Chem. Rep. 1927, p. 53. 

* J. Liindw. 1904, 62, 127. 

‘ Compt. i-ena. 1918, 166, 305. 

« Rev. gi'sn. botan. 1919, 31, 70, 179, 229, 277. 
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Composition of Jbeusalbm Artichoke Tubers in Fail and Sprino (Bbhrend) 



Water 

Pro- 

tein 

Pro- 

tein, 

Fat 

N-f. ext. 

Sugars, 

direct 

Sugai-a, 

in- 

Pen- 

tosans 

P"il)er Asii 




pure 




verted 




Fall: 

Min.. . 

75.00 

1.06 

0.60 

0.09 

14.69 


11 .37 

0.77 

0.54 

9.88 

Max. . 

81.80 

1.88 

1.09 

0.18 

21.26 

0.66 

17.12 

1.21 

0,90 

I.IS 

Aver. . 

79.70 

1.48 

0.88 

0.14 

16.93 

0.15 

13.32 

0 91 

0.68 

1.08 

Spring: 

Min.. . 

00 

GO 

0.77 

0.52 

0.14 

12.17 

9.35 

9.23 

0,91 

0.66 

o.rs 

Max. . 

83.93 

1.93 

1,09 

0.32 

20.69 

1.35 

16.76 

1 .39 

0.90 

1.21 

Aver. . 

79.03 

1.27 

0,79 

0.18 

17.78 

9.67 

14.94 

1.18 

0.77 



♦ As dextrose. 

stages of development, that the leaves of inulin-containing composites 
synthesize reducing sugars, mostly levorotatory, w’hich are condensed 
in the stem to innlin and stored in the root. Young and ripe artichoke 
tubers are practically the same in composition. During the Winter reduc- 
ing sugars are reformed from inulin. Germination is accompanied by a 
change of inulin, as well as other levulosuns and Bucrosc', int.o reducing 
sugars which migrate toward the stem. 

Inulin . — The formula ((tjH loOfdn applies to inulin as well as starch, 
the value for n being variously stated as 6, 12, and Ht), or approximately 
these figures. It forms sphiero-crystals containing oik^ molecule of 
water to each molecule of (V>Hi(jOr,. The solid substanei^ is hygro- 
scopic, tasteless, witli a mcdting point of about Ib.T’tb, and a specific 
rotation [ajj) of about It docs not reduce b'ldiling solution, but 

is hydrolyzed to levulose by acids and the ouzynie iritilasc formed in 
sprouting tubers. 

It is particularly alaindant in tlie roots and tubers of t he sunfiowvr 
family (Cimposita*}. In addition to the tubers of the Jerusalcru arti- 
choke and dahlia, it is the chief carhohyilratc in th(‘ roof.s of f‘l<*(‘Jiiupanf‘ 
(Inuld /{eleniwn), dandelion, chicory, and salsify, from which it may bi^ 
prepared, taking advantage of its solubility in water and -U) to oO per 
cent alcohol, the latter precijiitating mucilaginous subslariees, and its 
insolubility in strong alcohol. 

IfemireUidoser- Hmniiii * found that t}u‘ hcrnicidlulo.si* of the tubers 
yielded on hydrolysis /-arnbinosi^ ami fy-galaclc)s<‘. 

Mineral Constituents. Haskins^’ reports potash (b4K and phos- 


' Loe, eit. 


Agr. lOxp. iSta. 1019, Sper. Bul.,p. 91. 
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phoric acid 0.17 per cent in the tubers but does not give the percentage 
of ash. Dnnton^ found: water 81.2, ash 1.26, calcium 0,0227 (CaO 
0.031), phosphorus 0.0992 (P2O5 0,23) per cent. The relatively high 
phosphorus and iron and the low calcium content are noted by Dunton. 

Minor Mineral Constituents. Iron . — Tuber 34 mg. per kilo, fresh basis 
(Diinton).® 

Aluminum ,. — Tuber 24.0 mg. per kilo, dry basis (Bertrand and L4vy).® 

Zinc . — Tuber 2.8 mg. per kilo, fresh basis (Bertrand and Benzon).^ 

1 Forecast 1927, 34, 295, 332. 

* Loe. cit. 

* Bui. soc. hyg. aliment. 1931, 19, 369. 

^ Ibid. 1928, 16, 457. 



LEAF AND STEM VEGETABLES 


Great numbers of species are used as stern and leaf veget ables but 
many of these are of local importance. In the temperate zone the salad 
vegetables and others eaten raw belong inosGy in th(‘ Compoaiim and 
Umhelliferx, the pot greens mostly in the Cruciferm and (■henopodiarm. 
Members of the onion group are soirietiines clas8(?d as roots, hut the part 
eaten is fleshy leaf tissues, hence they are grouped in this wction. 

MACROSCOPIC SrRUCTURE--The parts of stc'in and knif vege- 
tables are conveniently grouped as (1) tttem, (2) pdidr, and (3) leaj 
blade. The ribs and veins of the leaves partiike of tlui general characters 
of the petiole, but the dark green intervenal tissue is very difT(‘rent. 

MICROSCOPIC STRUCTURE.— Stems of typical e<lible vegetables 
consist of (1) epiderm of usually elongated cells and sranf d imes also 
stomata and hairs, (2) hypodmn of collenchyina cells oftr'ii forming an 
interrupted layer, (3) cortex^ (4) cmlral rylimkr, and (5) pith. In 
monocotyledons the fibre- vascular bundles an* distributed at intervals 
in the parenchymatous ground tissues, wher(‘as in dicot.yhnions the 
phloem, carnbiuni, and xyk*in form concentric rings ahout t hv stems. 

Petioles differ from stems in their histological structure dikdiy in 
being bilateral. 

leaf Blades are cliaracterized by the intervenal tissu(^ which in its 
simplest form consists of two rpiderms the out(*r or lower and the inner 
or upper- -with c/darujdij/l puirnchipna b(‘tw'c*en. Stomata sin* u.sually 
present in dilTenuit proportions in the two epiderins, being usually 
fewfu’ in the iniKo- than in th(‘ outer. Hairs of diff(‘reiif f yiM's may occur 
on one or both, dlie chlorophyl parenchyma adjoining the inner 
epi(I(Tm consists of mor(M)r less pronounc(*d fmli.sade cells, wlaTcas that 
jidjoining the outer epi<k‘rm, at least Ixmeath and in the vicinity of the 
stemata, consists of loo.s(‘ly arrange<l cells, thus facilitating tin* (‘xdnangr* 
of gases during phot osynth(‘sis, respiration, and transpiration. ('hUrro- 
phyl grai/is occur in gnoit numhers in kaiva's (‘xposcal to sunlight ; in 
hhinclKid l(‘av(\s these an* not j)res(‘nt, 

(hilcium <)xaJat^^ rry.sftds art* of fre<iU(‘nt oecurrenct*. h'or f*.xample, 
crystal rosckt(‘s an* found in rhu})arh and N(*w Zealand spinach, pri.s- 
matic (Tystals in the onion groiif), raphi<h‘s in the palm and asparagus, 
ami crystal saiitl in the l>ef‘t group. 

171 ) 
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Examples of constitueats characterizing families are the oleoresin 
of umbelliferous plants and the latex of composite plants, each in appro- 
priate i)a.ssages. Red or purple coloring natter of the anthocyanin group 
is present in solution in the epidermal or subepidermal cells of red 
cabbage and the petioles and ribs of beet leaves. 

Reserve starch does not occur in aerial parts but is present in the 
swollen scales — morphologically leaves — of the Chinese lily bulb. 

CHEMICAL COMPOSITION. — Leaves and steins, calculated to the 
dry basis, show commonly higher percentages of protein, fat (ether 
extract), fiber, and ash, but lower percentages of nitrogen-free extract 
(carbohydrates) than most other vegetables whether dower, fruit, seed, 
or root. These constituents, however, determined by the usual methods, 
are cruder than those of seeds. Growing shoots are rich in asparagin 
and other amides, hence the use of the factor 6.25 in calculating protein 
from the nitrogen gives a figure higher than the truth. Ether extract, 
which in seeds is largely fat, in leaves is to a very large extent chlorophyl, 
wax, or other ether-soluble substances unlike fat in nutritive value. 
Again fiber, always crude,'’ is especially so in the case of vegetables, 
the young tissues of which have cell walls easily acted on by the acid and 
alkali used in the determination. Still again the ash of leaves and stems 
contains a considerable amount of carbon dioxide formed during the 
burning, which replaces organic radicals. Figures for nitrogen-free 
extract, obtained by difference, obviously are influenced by errors of the 
direct determinations. Included in the nitrogen-free extract are organic 
acids which are evident to the taste in rhubarb petioles and sorrel, also in 
soiiKi other leaves, and are present as salts in these and other vegetables 
not distinctly sour. 

^riiero is perhaps no other class of foods, except possibly roots, the 
composition of which is so imperfectly understood- Patient investiga- 
t ion with due recognit ion of the relation of structure to composition will 
cortainly (mlargo our liorizon. 



PETIOLES OF THE POLYPODY FAMILY 

{Foly'pcdiacm) 

Vaeioxjs species of ferns have edible shoots or rhizomes; the common 
brake, a- cosmopolitan plant, yields both. 

BRAKE 

Fteridmn aguilinurn Kuhn. 

Fr, Foug^re commune. Sp. Helecho, It. Felccto. Ocr. Adlerfarn. 

Jap. Warabi. 

Petioles of the brake are a common food in Japan an<l C'hiria, also in 
Hawaii where there is a large oriental population. Although in the 
United States they are not generally recognized l)y tlio native born iis 
having food valuta they are often gathert^d by eunigrantB from the 
British Isles who cook and serve them in the same maimcT as a.sf)aragus. 

llhizomes of the same species, or its variety csrulejdutn, furnish 
natives of the South Sea Islands, (hinary Islands, and otla^r mgicns 
with material for bread-making. Warabi starch, dc'serilaMl in VoIinn(‘ 
I, is made from the rhizome. 

MACROSCOPIC STRUCTURE. - dlie cl(*eply buried rhizome is 
long, tough, and black in cok)r. From it arise singly tin; Hf)rf‘a(liiig pin- 
nate leaven (fronds), up to about 1 meter wi<le, borne on long stout peiiokn 
(stipes), up to 1 cm. or more in diamet.er, covered with a mat of hairs. 
The petioles are edible before ih(i l(*avf‘s unfold. 

MICROSCOPIC STRUCTURE. Petiole. d’h(‘ followirig descrip- 
tion applies to the edible stage. Thfj tissues are (1) cpidrrt/) of longitu- 
dinally elongated, ihin-vvalled cfdls, often eontairiiiig purple sap, and 
numerous exceedingly long (u[) to .several millimeter.^), Iliin-walle<l, 
jointed hairs; (2) roIknehytnUj .sfweral (‘<dLs thick; i'A) gruiintl paran- 
ckyma, containing chlorophyl grains, through whie.h run (4j detiiclKul 
fihro-vami lar b u n dlffi . 

The bundles, as in all ferns, ar(‘ of tdic* eone<*ntric type with zylem in 
the center, surrouinh'd by phloem, th(‘ whole enelo.se hI by a starch sheath 
and, outside of that, an eiidoderm. d’lu* V(\s.sels are im^sfly broad, with 
bordered pits, less fjften narrow with spiral thickenings. Helrrenrlipnc 

i nu 
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strands, so msirked in ma^ture petioles, are not evident at tlie edible 
stage. 

Chief Stbuctxjiial Characters.— P etiole fleshy, densely hairy. 

Epidermal hairs long, jointed. Fibro-vascular bundles concentric; 
vessels mostly broad with bordered pits. 

CHEMICAL COMPOSITION. — The only available analysis of the 
shoots is that reported by Chung and Ripperton^ of the fresh material 
from the Hawaiian market. An analysis of meal from the dried rhizome 
by Zlataroff ^ is also included in the table below: 


CoMPOBirioN* or Brake 



Water 

Protein 

Fat 

H-Lext. 

Starch 

Fiber 

Ash 

Sand 

C. and B.: 

Shoots 

% 

91.28 

8.34 

% 

1.02 

% 

0.08 

% 

5.59 

% 

% 

1.45 

22.11 

% 

0.58 

1 

10.48 

% 

Zlataroff: 
Rhizome meal 

46.00 

1.52 





Mineral Constittients. — Chung and Ripperton^ found: calcium 
0.008, iron 0.0015, and phosphorus 0.017 per cent; also alkalinity of ash 
5.5 expressed as cubic centimeters of normal acid per 100 grams of fresh 
vegetable. 

^ Hawaii Agr. Exp. Sta. 1929, Bui. €0. 

2 Z. Uaters. N’ahr.-Genussm. 1918, 35, 483. 



LEAVES AND STEMS OF THE GRASS FAMILY 

{Gr'aminex) 

The vegetative organs of the grass family in the temperate zone 
have food value only for cattle, but in the t-ropics, particularly of the 
Orient, the undeveloped leaves and stems of members of t,h{‘ bamboo 
tribe (Bambusese), known as bamboo shoots, arc common vegetables. 

BAMBOO SHOOTS 

Fr. Bambou. It. l^arnbii, Gcr. Bambiis. Jap. Take-noko. 

Chin. Choke-sun. 

Miyake and Tadokorf)^ st.ate that in the warmer n'gions of Japan 
shoots of BhyUostachys mitia Riv. and P. quilm Riv. ar(‘ ukocI, while in 
the northern regions Sam jHmicnhfa Rhib. et 
Mak. is the common species. 

Bamhoo shoots are canned in Canton, 
CBina, and shippcal in con.si(l(‘ral)le ((iiantibes 
to the ( -hine.se r(*si(Ient.s in tin* Cnited Stales. 
The df\seripl ion which follow.s is has<‘d on our 
examination of canned, d(‘CoHicafed shools up 
to f) cm. long and 8 cm. in diameter at the 
base. 

MACROSCOPIC STRUCTURE (1^, U). 
The jointed charactm* of the inatun' s/r/u is 
prtdigunnl by the round or oval eavili(\s sc‘pa- 
rated by partitions. The inifu’iiodal li.^sm‘sin 
the zones surrounding 11i(^ lower port ion of each 
cavity are more opafjiu* (darkfu’ in the figure) 
than lh(i nodal tis.su(\s, which are gla.^sy and 
irarnsparent.. Through both run nuiiior(>u.s 
bundles whieli, in each node at a plan* about 
on a Icvf^l with the toj) of tlu* rarity, abrujifly 
hraneh forming a di.'^tirief but irr<'giilar t ran.s- 
verse divi.siori as semi in lorigif iidirial .srae 
tion. Tlie brancli(\s bidong to the l(*af traaas. 

MICROSCOPIC STRUCTURE (bigs. 45 
and ‘R)j. Ground Tissue (f)). In th(‘ inter- 

^ J. Col. Aj^r. Tuhoku Jiiip. t'liiv. J.'ijjan, 191 1, 4, 2.41. 
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44. — ^Baiiihoo Shoot,, 
longifadiiial hoc- 
iion .showing dm, so 

iiiUn-nodal iiorios (dark). 

with !i cavil.y, inms- 
lumni nodal z o n o .s 
(light), and niiirifrraii.^ 
vasouliir l)iindl(\s. Triin.*^- 
vorso division in oarh 
nodal zono is fonricd hy 
honflln hrandio.s Ixdong- 
ing fo h’lif trace. X Yj. 
/.) 
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nodes the cells are arranged in longitudinal rows without intercellular 
spaces, and the vascular bundles are without branches; in the nodes the 
cells are well rounded, intercellular spaces are numerous, and the bundles 
send out snaall transverse branches as noted above. Each cell in some 
preparations contains a small rosette crystal of unknown composition. 

Fihro-Vasctilar Bundles.— Cross (Fig. 45) and longitudinal (Fig. 46) 
sections show that the structure is of the monocotyledonons type. The 
hast fibers (/), being im- 
mature, are thin- walled. 

The sieve tubes (s), occur 
in groups and are re- 
markable for their large 
size (up to 30 jx). They 
are accompanied by nar- 
row companion cells (c). 

Spiral vessels (sp), up to 
30 fi, smaller annular 
vessels [an), and large 
reticulated vessels (rd),up 
to 160 IX, at this stage 
with indistinct markings, 
characterize the xylem. 

Small elongated paren- 
chyma celk (p^) surround 
the pitted vessels. 

Chief Steuctural 
Characters. — Shoots 
jointefl, with cavities be- 
tween the nodes; bundles 
conspicuous in nodes and 
internodes, branching to 
leaf traces in nodes. 

Parenchyma cells 
elongated in internodes, 
rounded with intercel- 
lular spaces in nodes. Bast fibers and reticulated vessels (up to 160 fi) 
thin-walled, immature. 

CHEMICAL COMPOSITION'.— Miyake and Tadokoro^ analyzed 
the fresh shoots of Sfisa paniculata and Chung and Ripperton' those of 
Ikmhusa spp. after removal of the outer sheath, with results given in the 
following table: 



Fke 45- — i^amhoo Shoot. Imraatxirc vafioular biin- 
(llo in (n’o.ss section, p parenchvma of ground 
tisHtio; / iina.s.s of fibers; s sieve tubes surrounded 
by companion cells; rei faintly reticulated ves- 
sels; sp spiral vessel. X 160. (K.B.W.) 


1 Loc. cit. 

® Hawaii Agr. I^kp. Sta. 1929, Bill. 60. 
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VEaKTABLES 

Composition of Bamboo Hiiootr 



Water 

Pro- 

tein 

Pro- 

tein, 

pure 

Fat 

N-f. 

ext. 

Sugars, 

reduc- 

ing 

'■■'’‘‘'■Vi'' 


7o 


% 

7c 

7o 

% 

% Vo 

M-and T. ; 

{)1.35 

2.72 

1,94 

0.22| 

3.14 

0.53 0.161 1.77 1.44; 1.1911,13 

C. and R: 

03.08 

1.84 


0.13 

3.17 


1.01 io.77 


Composition of Parts of the Shoot.— 'Komatsu and Tanaka,^ by 
analysis of shoots from fiye different sections of the jungle cut into five 
pieces each, showed that the lowest percentages of total carbohydrates 



Fig. 46. — Bamboo Shoot. Blernonts of irninut.urR vasi^iilar hun<ll(' in longiiiKlinal 
section. Ti parenchyma of ground tksuo; / fihom; « Hif'Vf; ; c companion 
colls; Tet broad rctioulatod vessed partly covcTod by thin- walled i)arenehyma; 
an annular vessel ; S 75 .spiral vc.skc1. X 160. (X.H.W.) 

but the highoBt of simple nitrogenous suhsi a nec*s and fatt y acids were 
present in the apical jiarf-, while the ptuitosan coiitiuit varie<l little 
throughout. 

Influence of Development on Composition. Koinat.HU and Tanaka’ 
note a decrease in die piTConlage of ash with growth. Xagasawa- 
iiotCH in shoots of Pfujlloslachijs ([uilioli a decrea.si' in wat(*r, total iiilrogcn, 
ajid ash and an increase in fat, cellulose, and lignin. Tliti niaxinmni for 
reducing sugars was in January, the miniinuiu in »Se[)teniI>er. <)th(‘r 
studies by Tanaka, by Kainiya, hy Tashiina, aiul l>y Xishioka appear 
in the Anniversary Volume, which is not available, 

Non-Protein Nitrogenous Constituents. Kozai*^ deinonstrat (‘d in 
the fresh shoots of Phyllodachya wHin tlu* j)r(*HC‘n(^c of tyrosine, and of 
smaller amounts of asjjuragiNe, guanine, runthinc, and hi/pomnlhinc’, 

^ Mem. Col. Sd. Kyoto Urdv. 1925, 9.\, 1. 

^ Anniv. Vol Masurai Chikafthige KBO, p. IK'J; Oberu. HBl, 26, 9^3. 

® Bui. Imp. Col. Agr. Deiidrol. Tokyo 1800, 1, 87. 
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TotanP found adenine^ choline, and betaine; Miyake^ isolated from 
30 kilos of the fresh shoots of Sasa panicuhta xanthine 0.095, hypoxan- 
thine 0.050, adenine 0.090, guanine 0.031, tyrosine 1.500, and asparagine 
1.000 grams. 

Acids. — Sasaoka^ found glumroTiic, omlic, tartaric, citric, and lactic 
acids. 

Carbohydrates. — In addition to determination of the reducing sugars, 
sucrose, pentosans, and cellulose, as given in the table above, Miyake 
and Tadokoro ^ showed that xylan was present in greater amount than 
araban, that galactan, starch, and methylpentosans were absent, and 
that a trace of lignin was present. 

Sasaoka^ isolated dextrose and Z-xylose, also an unknown sugar 
yielding an osazone melting at 188° C. in the expressed juice. 

Komatsu and Sasaoka® expressed 10 liters of juice from 12 kilos of 
the shoots of Phyllcstachys quilioli F.M. containing 150 grams (1.60 
per cent) of reducing sugars. By precipitation with lead acetate, re- 
moval of the lead from the solution, extraction of impurities with 
ether, and concentration, 43 grams (0.43 per cent) of dextrose were 
isolated. On removal of the remainder of the dextrose with yeast, 
5.4 grams (0.054 per cent) of Irxylose were separated. 

Mineral Constituents. — Chung and Ripperton® found: calcium 
0.005, iron 0.0007, and phosphorus 0.044 per cent, also alkalinity of the 
ash 7.7, expressed as cubic centimers of normal acid per 100 grams fresh 
vegetable. 

i Z. physiol. Chem. 1909, 62, 113; 1911, 70, 388. 

J. Col. Agr. Tohoku Imp. Univ. 1911, 4, 261. 

3 Anniv. Vol. Masumi ChikasMge 1930, p. 175. 

^ IjOc. eit. 

^ Bui. Chcm. 8oc. Japan 1927, 2, 57. 

® Loc. cit. 



LEAVES OF THE PALM FAMILY 


(Palmacex) 

]n addition to a groat variety of fibors and varioiiK oih(‘r iochnical 
products, trees of this family yield staple foods, among which the date 
and cocoanut are described in the sections on fruits and nuts. Sago 
is obtained from the trunk of several species. A single product belonging 
with leaves is described below. 

PALM SHOOTS 

Fr. Choux palnusies. It. Cavok) pahnisin. (Ft. Pahu Kohl. 

Terminal shoots of varknis species of the palm family, known as 
palm cabbage, palmetto cabbage, palm hearls, (‘t c., an* staph' Y(‘g(‘iid)l(‘.s 
in the tropics and subtropics. Among the species are f /mdr.v imimrilo 
Ck)ok {/Sabal palwHfo Loihl.) of the United States and OrnnU^Jd olrrarva 
Mart, of the West In<li(*s. 

Tinned material, labc'Ied “ ('houx palmis((‘s au iiat und,’' was (exam- 
ined by the ant hors. 

MACROSCOPIC STRUCTURE. The blam'hed. I(‘nder shnih con- 
sist of sboathing leaf blades and jjetioh'S. 'I'h((y rcsenibl<> large asparagus 
shoot, H. 

MICROSCOPIC STRUCTURE. Tlu* elenumts of Imlli IIk* peth^F 
and l('af blad(! an* similar. 

Epiderm. Tin* f*(dls are small, polygonal, thin-vvalh‘<l, often end t(^ 
end in rows. Stomataare numerous. 

Ground Tissue. Mo.st. of et'ILs ari' small, roumh'd, and tlun- 
wallod; soriic^, howevf*r, are s(*vcT;d times larger and cont.ain rapfii/lfH 
in buiulles. 

Fibro-vascular Bundles, ddiesf* an; of the palm type, bul al tlu' 
(‘dil>lo stage are not fully (l(*v(‘Iope(l. Xuiiktous thin-wtilled Jihrn^ 
form JL shetiih with .stnjjttn/u on tin* surface. Tlu'n* an; two grou])s of 
■phloem (set; C'ocoaniit, Volume I ), ddu* slrn- fuixs arc incoiispiciiou.s. 
Spu'al, (innnlar, and rHiculotod vessf ls of various siz:es and large; piUed 
vetyi^cds (up to 135 g) are tho nH)sl striking vascular f'lcmienl.s. 

1H4 
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Chiet’ Stexjctural Cha-EActees. — Skoots of sheathing leaTes and 
petioles. 

Epiderm of small cells and stomata; ground tissue of small paren- 
chyma cells and larger raphides cells; bundles with fiber sheath sur- 
rounded by stegmata; phloem groups two; pitted vessels up to 135 g. 



SHOOTS, BULBS, AND LEAVES OF THE 
LILY FAMILY 

( Liliaccde) 

This family is represc^rited by (1) asparagus iA,sj)amgu,s officindis 
L.) belonging to the tribe AsparagmcXj (2) the lily group {Lilinm), and 
(3) the onion group (Allium) ; both of the latter groups iiw. classed in the 
tribe LiUeae, 

COMPARATIVE MACROSCOPIC STRUCTURE.- The edible por- 
tion of asparagus consists of stem with scales subi ending uiuk'velopeci 
branches. Garlic and leek have flat leaves; onions, chivc^s, ami shallot, 
round leaves, the distinction between the two surfaces l)C*ing lost a short 
distance above the ligule. The bulb of garlic is dividcMi into '' cloves 
enclosed within a common scaly slieaih. A similar division also takes 
place in multiplier onions and occasionally in cormnon onions. The 
scape of top onions and some varieties of garlie hc^arsluilblets instead 
of, or together with, flowers. Hlembers of the onion group have Kcak‘s 
in concentric circles and during the first year are stemdess, that is the 
stem is represented only by the disk benealli th(‘ <'dihl(‘ tadh, thus dis- 
tinguishing the group sharply from the lili(‘s which hav(.‘ scah^s in fingers 
and leafy stems, 

COMPARATIVE MICROSCOPIC STRUCTURE. I/mivcss and 
sterns of all member's of the family lien‘ consHlered, in eomnion wilh 
many rnonocot yhalonou.s plants, have longit iidiiially elongaied cpuirrrmil 
ccIIh and occasional stomata, the elongation of the erdls being (\sp(*eially 
marked in the tissue of the kaif projxT, that is the griMUi bl:i(l(‘, of the 
onion group. A t^ubcpidrnfial Imjcr of palisadf* ecdls forms a complete 
circle in the I'oiind Ienv(‘s of th(‘ onion and chives, but repnw'ut ed hy 
isodiarnetric cfdlsin the bulbs. 

Latex iuhr.^ are prc^smit in the bulbs and ksaves of all tlie riKunlxTs of 
the onion group. These, aceoniing to D(‘ Tary,* may secrete oil of 
garlic, the characf eristic C‘f)risf ituent of the group. Hdphidvs occur in 
asparagus, mormludc priKtn.H in th(* bulhoiis part of g.arlic, oidon, and 
kick. Stanh is abiiiiclard in lily bulbs. 

COMPARATIVE CHEMICAL COMPOSITION, 'ranret (k^scribes 
two sugars pre^sent in asparuigus; d’olhui.s found ntitiiifn!. d'he child 
odorous constituents of tli(‘ onion group are fillgl tunl (ill gl~pro}/ijl rli sul- 
phides, 

^ Gonip. Antii. Plian. Ferna, Oxford, 1884, j). 140. 

ISO 
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ASPARAGUS 

Asparagus qffhinalis L. 

Fr. Asperge. Sp. Esptoago. It. Sparagio. Ger. Spargel. 

A native of cential and southern Europe and temperate and snh-- 
tropic regions of western Asia, asparagus was cultivated by the Greeks 
and Romans before the Christian era. It retains its excellence well on 
canning. 

The plant is dicecions and is remarkable for the absence of green 
leaves, the green needle-like branches (cladodes) in the axils of the scale- 
like true leaves serving in place of leaves as photosynthetic organs. It 
is said that at one time the berries were used as a cofee substitute. 

Shoots of other plants in the temperate zone, some wild, others 
cultivated, are used locally for food. Among these are brake (Pteris 
aquilina L.), various milkweeds {A&depias spp.), poke weed (Phytolacca 
americana L.), and hop (Hurnulus Lupulus L,). Hop shoots, known 
as hop-asparagus, are eaten in Germany. 

MACROSCOPIC STRUCrURE.—The fleshy shoot, as cut for food, 
consists of a sten with spirally arranged scales about one-half inch long, 
each scale bearing in its axis an incipient primary branch with minute 
scales in which are rudimentary secondary branches. The cladodes are 
borne on the tip of the main stem, but are found in greater numbers on 
the primary and secondary branches in the axils of minute scales. Only 
the lower part of the main stem with its scales has reached full develop- 
ment at the cutting stage. The color varies from white to dark green. 
Certain French varieties are designated as violet. At the base all 
varieties are more or less blanched. 

MICROSCOPIC STRUCTITRE.—Only the stem and scales have 
well-developed tissues, the branches and cladodes being in the formative 
stage. 

Stem (Figs. 47 and 48). — Four distinct zones are present in the young 
and tender shoot a short distance below the tip: (1) epiderm (ep, ep^) of 
straight-walled cells, about twice as long as broad, with somewhat thick- 
ened cuticularized outer walls, and sunken stomata (sto); (2) primary 
cortex (pc) of loBgitudinally elongated cells, several thick, with intercel- 
lular spaces, containing chlorophyl grains or here and there a bundle 
of raphides (r); (3) pericycle (per) of small characterless cells with very 
few if any intercellular spaces; and (4) central cylinder (stele) of rounded, 
thin-walled parenchyma cells (p), with intercellular spaces, among which 
are scattered typical closed fihro-vascular bundles (/^;^ f^). 

On further growth, when the shoot is tough and inedible, the walls of 



188 


TEGETABLES 


the e'piderm become finely beaded. The well-rounded cells of the 'pri- 
mary cortex as se^en in cross section of the tender bIiooI- inive walls thicker 
than those of the pericycle, but with further growth the reverse soon 
becomes true and the cells of the pericycle become longit udinally elon- 
gated and sclerenchynuitized. All the 

I cells of the cortex, except those with raph- 
ides, contain small chlorophyl grains. 

Adjoining the pericycle in tlie stele in 
Fig. 47 is shown a fibro-vamdar bundle 
(fv^) in the formative stage with thin- 
walled characterless el (‘merits. A more 
fully developed but still immature bundle 
(Jv^) occurs further inward, with vessels 
{v) at the anglc‘H of a triangk*, t hree at 
the lower angle k'ing spiral or annular 
with thick(‘n(‘(i walls, the othf*r two being 
reticulated, large, l>ul with very thin 
walls at this st.age. 

Scales (Fig. -ISj. The epick^rms of 
Iarg(‘ mature scales are of longitudinally 
clDDMill ed <’(*1 Ih, with beaihnl, v(‘ry slightly 
wavy walls. Sunken stomata are scat- 
^ ^ . tf‘re(l over the ((Mit(*r) rpidirm 

^ (uepj hut in the upprr rpiderm Hup] are 

\ J in nunib(‘r and found only lu^ar 

y ni (Sophy I of loo.sely iirr'unged, 

7 rounded, thiri-wallfsl cells eoalainiag a 
niod(‘rate mimlx'r of (dilorophyl grains 
Ima 17. -Asparagus. VuiinL^ th(‘ hulk of t he .sea le.s. Himdles of 

.S(<-II1 in Ci-oss S<r(inn, r/; cpi- ('(tphulcs (t'l, lik(‘ tliose of 1 he .^t (Uii , oc*cur 
(Icriu vvilli .s/o sinkca !i(*re and tiu*re in e(‘l!s which arc .sons'- 








I'io, 'I?. ■ - AsjjaraKOs. 

.sN'iii in ci’oss snefinn, r/; cpi- 
dcriu vvilli slo , sunken ^^Uuna; 
pt' priiiiiiry <'or(cx witli what more rounded and occa.siunally 

pl.yl,;rai.is„na f ,,,,,,, sum,, 

I)(‘n<‘V(ip; /lO ulcijiK'Ui va.sfular ... » i h .r 

I ,, , . 1 ti.<su(‘. 1 he uH'o-i'tisi'iiUir (hukHcs i\v) 

imiikIh'; p parcnchvoi.'i ol .stele; * ■' 

luiW vasnilur’lmn.ll.' 1 1"' I'l, Mil, Mils us ( liusc <if 

/)h. piiidciii ;iii,l p ,'i‘ssi'ls. KH). I ll,‘ sflMri. 

(E.H.W.j d’hesc .scales, all hough morphologi- 

cally leaves, do not have a pali.sade 
liiyfM* and !ir(* not Jibundantly supplied with ehlorophyi grains, wh(*r<‘as 
th(‘ (da(lo<l(‘s vvhieh d(‘V’(dop iaUu*, although mnrjdiologif’ally hraiiehe.s, 
ha ve a vv(‘II-(l(n'(‘lo|)(al /;n//.sYe/r lutp r and art* rich in diloraphyl grains. 


sauH' (‘leiiieiils 


df hough 


oera.Kionally 
surrounding 
hiuullcs (fv) 
!is t hos(‘ of 

morphology 
a pali.sade 
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The small scales, folded longitudinally one within another, enclosed 
within the big scales and clustered over the growing tip, have only 
elementary tissues. The small, thin-walled cells of both epidermal 
layers are narrow, elongated, becoming isodiaixietric at the apex of the 
scale (Pig. 48, ef^). Sunken stomata occur away from the edges. The 
mesophyl cells with bundle traces are characterless. 

Chief Stbuctural Characters.— Stem fleshy with immature 
scales, branches, and cladodes. 

Epiderm of stem and scales of elongated cells and sunken stomata; 
primary cortex, central cylinder of stem, and mesophyl of scales and 
cladodes containing chlorophyl grains and raphides ; bundles immature, 
of monocotyledonous type. 



Fifi. 48.— Aspamgus. bloments of shoot in surface view, epiderm of stem 
7 (‘.in. from tip. outer epiderm of immature scale at edge. Mature scale: 
ac]> lower epiderm; jv fibre- vascular bundle; r raphides in mesophyl cell; iep 
inner epiderm. X 160. (K.B.W.) 

CHEMICAL COMPOSITION. — Analy^ses made by Richardson^ 
of one sample of large white asparagus and two of small green illustrate 
well the proximate composition of the vegetable. An analysis by v*. 
Schloinitz- is also included below: 

Composition or Asparagus 


Hi (‘hard son : 
L{U‘g(‘ wliit.e 
.Small grptiii 


A YV.Y ... . 
Schleinit;^. 



Water 

„ , . Protein, 
Protein 

Fat 

N-f. ext. 

Fi]>er 

Ash 



pure 






% 

/u Jo 

/o 

0 / 

Jo 

Of 

10 

% 

(; .... 

93.01 

2.64 

0.23 

1.90 

0,05 

0.97 

1 

94,25 

1.77 

0.25 

2.42 

0.78 

0.53 


94.02 

2.07 

0.27 

2.33 

0 , 79 

0,52 


93 96 

1.83 . . . . 

0.26 

2.66 

0 74 

0.67 


95.34 

1 .f)4 1 .00 

0.11 

1.74 



0.63 

0.54 


IJ. S. Dopt. Agr. Ren. 188.3, 234, 235. M.audw. Juhii). 191S, 62, 131. 
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Influence of Fertilizers on Composition. — Dotenninations made 
at the Munster Station^ of the usual proximate constituents in 21 
samples grown with different fertilizers did not bring out sufficient 
diference in composition of the dr^ matter to warrant positive con- 
clusions. 

Proteins. — The analyses made at both the M tinster Station and the 
U. S. Department of Agriculture show that only about half of tlie total 
protein consists of true protein. 

Amides . — Asparaginej although so named because of its occurrence in 
asparagus shoots, is by no means limited to this plant. 

Fatty Oil of Seed. — The seed contained, according to determinations 
by N. and 11.7 per cent of fat with the following values: refrac- 
tive index at 25*^ 1.4:746 (1.4753), saponification number 193,4 (194.1), 
iodine number 140 (137.1), acid number 6.5, and unsaponifiable 
matter 0.96 per cent. The figures in parentheses are quoted from 
other authors. 

Carbohydrates. — Tanret**^ describes two sugars, a^^paragose and 
pseudo-asparagose, which he isolated from the roots and green fruits but 
was unable to find in the ripe fruits or the shoots. 

Wichers and Tollcns/ who have studied the distribution of carbo- 
hydrates in the root Bysteni and shoots at different seaHons, found 
hexoses in the juice of the shoots but no polysaccharides. They were 
unable to prove that mamiite (mannitol), Dalii 4 D(h was prcHcnt, but 
later Tollens''’ found tliat aft(‘r allowing the juice to stand for some time 
the crystalline substance separated as small n(M‘dIe-Hha[)e{I crystals, 
melting at 167 to (t These were optically active* in a borax solu- 
tion but not in an a(|ueous solution. Bu.solt corroborated Tollen’s 
findingB. Apparently organisms or enzymes ar(5 instruitienlal in the 
formation of inannile. 

In the 21 sample.s of asparagus shoots analyzed at the Munster 
Station^ the prnto.s(tfi,s ranged from S.()4 to 14.94 |)(*r (‘(mt, calculated 
to the dry inat.ter. 

Mineral Constituents. -The* a v(*rage perctmtiiges of water, ash, and 
ash constitiKuits in 4 saniph'sof asparagus shoot s, (*ut .\Ia>' 15, aualyziMl 
at the Miissaeuwdts Station, as (‘ompiled by Haskin.s,^ follow: 

‘ Ki'inig; Chein. ineiiwh. Niiihr.-<l<‘uiiHiii., Borlin, P.HL'i, 1, 7S(>. 

'■* Z. aiigfw. Ciieiii. 1910, 29, I, .‘i.'l?. 

* C()ni{)t. rcaul. liM)9, 149, 4K. 

« J. Landw. 1910, 58, 101, 11 :i. 

5 Ihkl. 1011,69,429. 

« Il>id. 1012, SO, ;P.)3. 

’’ Loe. (‘it. 

MaHHnfhuwjtts Agr. Idxp. Sta. HUO, Sp<r‘c. Bui. 
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Water 

Ash 

K,0 

Na20 

CaO 

MgO 

P2O5 

SO3 

% 

% 

% 

% 

% 

% 

% 

% 

S3.0 

0.72 

0.28 

0.02 

0.06 

0.02 

0.04 

0.04 


Minor Mineral Constituents. Iron. — Shoot 12 mg. per kilo, fresh basis 
(Hausermann, ctuoted by- Sherman) Shoot, 16 samples, 125 to 340, aver. 207 mg. 
per kilo, dry basis (Bemington and Shiver). 2 Shoot 7.9 mg. per kilo, fresh basis 
(Peterson and Elvehjem).® 

Alumirmm. — Shoot 120 mg. per kilo, dry basis (Bertrand andLdvy).^ 

Manganese. — Shoot, 8 samples, 27.7 to 86.0, aver. 42.1 mg. per Mo, dry basis 
(Remington and Shiver). ^ 

Cojo'per. — Shoot, 9 samples, 11.6 to 24.0, aver. 16.3 mg: per kilo, dry basis 
(Remington and Shiver). ^ Shoot 7.0 mg. per kilo, fresh basis (CiK^rithaiilt).® Shoot 
1.4 mg. per kilo, fresh basis (Lindow, Elvehjem, and Peterson).® 

ZiTic. — Shoot 3.2 mg. per kilo, fresh basis (Bertrand and Benzon).^ 

Arsenic . — Shoot 0.1 mg. per Mo, fresh basis (ladin and Astruc).® 


CHINESE LILY 

Lilinm Brmnii Poit. 

Bulbs of several species of lilies are used as food in China and Japan. 
Blasdale^ reports that the bulbs of only one species (L. japonicum var. 
Brownii) were found on sale in the Chinese Quarter of San Prancisco. 
He further states that this is the species ordinarily known as L. Brownii 
Poit. 

Other species named as food plants in the Far East by Penhallow, 
Bretschneider, ^ ^ and Dayy^^ are L.glehni, L. tigrinumj L. concolor pul- 
chellum, L. cordijolmm, L. aw'atum, and L. elegans. According to Bias- 
dale,® the Indians of Nevada and California use for food bulbs of L. 
parvum Kellogg and L. pardalium Kellogg. 

1 U. S. Dept. Igr., Off. Exp. Sta. 1907, Bui. 186. 

2 J. Ass. Off. Agr, Chem. 1920, 13, 129. 

3 J. Biol. Chem. 1928, 78, 215. 

“ Bui. soc. hyg. aliment. 1931, 19, 359. 

^ Ibid. 1927, 16, 386. 

0 J. Biol. Chem. 1929, 82, 465. 

^ Bui. soc. hyg. aliment. 1928, 16, 457. 

® Cornpt. rend. 1912, 156, 291. 

** IJ. S. Dept. Agr., Off. Exp. Sta. 1899, Bui. 68. 
i“Am. Nat. 1882, 16,119. 

Useful Plants of Japan, Tokyo, 1895, 

12 Erythea, 1898, 6, 26. 
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MACROSCOPIC STRUCTURE.—The bulb tlifTera from those of 
species of Allium in that the scales are all narrow, firiger-like, arraniicd 
about a central bud, and not forming concentric rings as seen in cross 
section; furthennore they are deeply buried in the ground 

MICROSCOPIC STRUCTURE. Scale.-~The lower (jmier) epidem 
consists of^ wavy-walled more or less elongated cells and numerous 
stoinat-a. Cdiaracteristic of the mesopkyl are the starcli grains up to lOO 


(Fig. 49). 
up to 1 


t hese are either isodiametric or elongated with excentricity 
G. Among the forms are elliptical, pear-shaped, spindle- 
shaped, sickle-shaped, an<I irregular. The 
hilum is indistinct and located in the broad 
end. Aggregates of two or thrw! grains 
occur rarrdy. Folarizidion crosse.s arc very 
distinct. The njijM-r c/iidmii con.sists entirely 
of elonga<,ed celts, the walls of which are 
strongly wavy with swelling.s at each turn. 

Chief STiauTiriiAL Chaiui'tkuh.— B ulb 
of finger-like scah^s. 

ldpi(lerinalc(dLswith wavy walls; ine.sophyl 
containing starch grains, uj) if) H)() with 
excent ric hilurn. 

CHEMICAL COMPOSITION. Bkv 

dale' g,vc.s analyses of fho fresh and dricil bulbs of L. jn^.ninm 
iinnimv from th(‘ ( iiira^se marked, of bun V 
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CHIVES 

Allium Srh/i'/iojN'dsu/ii L. 

hr. fivetle. Sp. ( V hoi lino. II. f 'ilsdlina. (hr. Sclinitllaucli. 

( hives the plural form i.s more eoiniiionly uwmJ I han ifi,- .si„^r„l,.,r 
growMhil Ihroughoul [.hrope and, according t,. ( Irav, in Xorll, Aioerira 
Iron. New Brunswick and the Croat I.akes to (he Pacific and northwani. 

* Lor. fit. 
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They are cultivated for the leaves which are used for flavoring soups, 
sauces, and various dishes. The plant is perennial and grows in masses, 

MACROSCOPIC STRTJCTXJRE.—The leaves are narrow-cylindrical 
and hollow, arising from small bulbs. Heads of purplish flowers are 
borne at the end of leaf-lihe scapes. In general morphology the plant 
differs from the onion only in size. 

MICROSCOPIC STRUCTURE. Bulb. — This is similar in structure 
to the onion, but crystals are absent or inconspicuous. The tissues on 
both sides are practically the same, the subepidermal layers being of 
isodiametric cells and cblorophyl grains being lacking throughout. 

Leaf (Fig. 50) .—The bifacial characters are lost 
beginning at the region of the ligule. Except at 
the apex, where the cells are but little elongated 
and stomata are absent, the cells of the epiderm are 
narrow, thin- walled, and greatly elongated. They 
are arranged end to end in longitudinal rows. The 
walls are usually straight except where they bend 
to join the stomata. They are delicately striate and 
covered with a bloom. A ridge, evident in cross 
section, follows along the center of each cell, 
longitudinal hands of tissue consist entirely of the 
epidermal cells without stomata. Alternating with 
these are bands containing numerous stomata, one 
usually occurring at the end of each epidermal cell. 

Palisade cells constitute the subepiderm with 
typical arrangement of ehlorophyl grains lining the 
walls. Hartwich^ considers that the elongated, 
thick-walled elements present in the region where 
subepiderm passes into niesophyl are fibers, but 
their analogy to the latex tubes of related species is 
evident on careful examination. A loose tissue ruptured at the hollow 
center forms the mesophyl. Small spiral vessels predominate in the 
fibro-vascular bundles. 

(Ihiev Stkxjcttjral Characters. — Leaf narrow, hollow. 

Epiderm of elongated colls and stomata in bands; subepiderm of 
palisade cells with ehlorophyl grains. Latex tubes tliick-walled. 

CHEMICAL COMPOSITION.— Dahlen- and Chung and Ripper- 
ton^ report the following analyses of the leaves : 

‘ Beylhien, Hartwidi, Klimmcr: Handb. Nalirungsm.-Uriters., Leipzig, 1915, 2, 

220 . 

^ Landw. Jalirb. 1875,4, 013. 

•'* Hawaii Agr. Exp. Sta. 1929, Bui. 60. 



Pig. 50. — Chives, 
leaf in. surface 
view. Lower epi- 
derm with stomata 
showing palisade 
cells with ehloi’o- 
phyl grains be- 
neath, X 160, 
(K.B.W.) 
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Composition- of Chives 



Mineral Constituents.-— Dahlen ^ found 0.258 per (.‘C‘ui of phosphoric 
acid. 

Chimg and Eipperlon^ found: calduni 0.()4H, iron 0.0084, and 
phosphorus 0.067 per cc3nt ; also alkalini1>^ of a.sli r2.(> expressed as 
cnihic ceniirneters of iioririal acid per 100 gniin.s of fresh V(*gela])]e. 

omoB 

Allinm Ccpn L. 

Fr. Ogrion. Bp. Cebolla. It. Cipolki. ( Jer. 2wieheL 

Apparently a native of western Asia, the coinnion onion was culti- 
vated in ancient Egypt, India, an<I ( ir<‘t^c(‘, and at an early date in ( ’hina. 

Onions are generally grown from seed and do not produce dowers 
the first year. When the tops, which are (diuraei<‘riz(*d b>’ their round, 
hollow leaves, die down, the bullis are lifted an<I stored for wint(*r use, 
Sowed thiclvly, snuill onions, known as “ sets,^’ are olj|ain(‘d vvhidi, 
planted the next season, may be gathereci early and (*at(‘n willi part of 
the tops either raw or cooked as ‘‘ Bpring onions^’ or allowiMi to form 
mature bottoms. 

Two varieties have been developed, dilTering markedly from the 
type in the method of propagation. Omt of thc.sT, known as (of), 
Egy])iian, or penamial onion (var. biilhdlijrra Baiky), hear.s lailblet.s 
on the scape, instead of, or in ad<iilioii to, flowers, whi(‘h, iidt to tlami- 
selves, take root wlam (h(‘ top falls over, or may he .separated and 
planted. Th(‘ seeond varied y, known as multiplier onion.s (var. fiitd- 
tf.piicun.^ Baikyj, similarly to garlic show.s a marked ((‘ndeiuy to dividt' 
within (he oiit(‘r scahas into .‘secondary hulh.s which m;t>- he si^p.ara ted for 
planting. Ttui common onion rd.so may divi<l(‘ in th(‘ c(‘iit(*r aii<l (nan 
subdivide', producing two or fours(‘1sof slmot.s on sprouting. 

dlie Welch onion (yt. Jisfuhfsuf/i L.j, a iiatjv(‘ of Biheria, dot's not- 
jiroducf' distinct bulbs, hut th(' hianclK'd lower portion of I h(‘ leaves 


* Ij<JC. cit. 
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below the ground is somewhat swollen, tapering gradually to the green 
top. It is used as a Spring onion. 

Shallot (A, ascalouicum L,), according to De Candolle, is a variety 
of the common onion. It produces small pointed bulbs which separate 
similarly to garlic into cloves. Bailey gives Syria as its original home. 

MACROSCOPIC STRUCTURE. — In form the hulh ranges from flat- 
tened through globular to spindle-shaped. All the scales (leaf bases) 
form complete layers, appearing as concentric rings in cross section. 
The outer scales are dry and papery, consequently inedible; the inner 
scales thick and fleshy. There are white, yellow, and red varieties, the 
color being chiefly in the dry scales and outer fleshy scales. 

Longitudinal nerves, formed by the fihro- vascular bundles, running 
from base to top like meridians on a globe, are conspicuous to the naked 




Fig. 51. — Onion. I dry scale and II fleshy scale in surface view, ep outer 
epiderm ; 51^6 subepiderm. X 160. (KB.W.) 

Fig. 52.— Onion. Fleshy scale in longitudinal section, ep outer epiderni ; sub 
jsubepiderm; lai latex tube with streaming latex. X 160. (K3.W.) 

eye, especially on the dry scales. Under a lens the epidermal cells, 
arranged end to end in longitudinal rows, are evident owing to the col- 
lapse of the outer walls. Latex tubes may also be seen as delicate 
longitudinal lines between the veins. 

The leaf loses its bifacial characters near the ligule, becoming prac- 
tically cylindrical. 

MICROSCOPIC STRUCTURE. Scale.— Throughout the bulb, the 
cells of the lower (outer) epiderm (Figs. 51 and 52, ep) are much elongated 
and arranged end to end in longitudinal rows. They diminish in size 
toward the apex. On the dry scales the walls are more or less thickened 
and beaded (Fig. 51, I, ep). Sunken stomata occur sparingly, most 
frequently toward the tip. 
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Suhepiderm (Fi^s. 51. and 52, sub). — The cells are in lontf^itudinal rows, 
as in the epidenn, but are polygonal-isediMinef ric or even transversely 
elongated in mature onions, wliereas they are longitudinally elongated 
in Spring onions. In the dry scales, the walls are somewhat thickened 
and distinctly beaded, elsowbero thin and indisi inctly beaded. Beau- 
tiful single, prismatdc crystals of calcium oxalai-o, reaching 50 gin length, 
occur in the subepiderinal cells of the dry scales. I’hey arc seldom 
found in the fleshy scales of mature onions, although small ones are 
present in the outer fleshy scales of Spring onioiis. 

In cross section, both the epidermal and su}>epi<lennal c(?lls of the 
bulb are isodiametric. The subepiderin of the leaf is of palisade cells 
with chlorophyl grains. 

Latex Tubes (Fig. 52, lai), containing granular contents, occur at 
intervals between t-he subepiderin and the mesophyl. Strictly speak- 
ing, they are not tubes hut large sacs arranged end to ciuL The divid- 
ing walls, or septie, are dist inctly porous. 

Mesophyl — The cells of the ground tissue an* t hin-wallf*(I through- 
out. Fibro-vasculiir bundles occur in the inner part,. The vessels are 
larg(dy spiral with variahli; hands. Annular and n-t ieulai ed v(‘ssels 
also are present,. 

Upper (Inner) Kpifhrm. As in the <)ut(‘r (‘piderin, thf^ ceils an' lliin- 
walled and longitudiiudly eI()ngaU'<l, but air w^mewhat. larger and more 
variable in size. Sometini<‘s ilu^ walls ari" faintly lH'ad(*<L Stoimita 
occur sparingly toward t h<^ tij). 

(hnKF S'CHueruHAn (hiAUAe'i’Kits. Bulbs ftaltJuied, glolmlar, or 
spindksslia.ped, W(‘li rounded; in common onion usually with .^imph^ 
core, in multiplier onion with eompound eon*. ( olur while, ytdlow, 
or red. 

iCpidf'i'iiial e(‘Ils (‘longatful in longitudinal ro\v.'<, walls I liirkeii(‘(i and 
{)orous ill dry seab*s, slomata few; siibepi<lfrin of Im idioniet rie or 
transversf'Iy ('longat(*d cells, fuieli in th(* oilier .K<'ales (‘orit ainiiiK 
prisniulic o.xalale ery.slals; !at(‘\ lulx'.s foniiiii^ longilm liiinl lines 
('vid(‘iit uii(If‘r a lens; tihro-va.<eular bundle.^ with spiral and nM iculat(‘d 
V(*.ss('Is. 

CHEMICAL COMPOSITION, d'iie coiuposiliiiii of onions nl thn*!* 
different singes of d{‘veloj)n)enl , ai.'^e of red, yellow, and while \'aneti(‘,s 
and lop onions, is shown by aiialy.^e.s iii;id(‘ nt (Ik* ('. S. 1 )epnrtnient. of 
Agriculture’ and at I he Ad* w York Agrieull ural Mxperiinent Station. ‘ 
Ana.lyses hy v. Selileinif z-^ show tlu* composition of tin* bulbs niid tops, 
and by Agcaoili*^ of young onions. 

’ lie]). IHSl Sl>, i).55f); 1 HSa, p. 210. L;iii.i\v. JohiL. lUlK, 52, 151, 

^ ilq). 18K5, p. 151. ♦ Philippine J. Sei. 1 DIG, II, 
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Composition of Onions 



Water 

Protein. 

Pat 

N-f. ext. 

Piber 

Asli 


% 

% 

% 

% 
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T. S. Dept. Agr.: 







Giant Della Kocca 







June 29 

91 .05 

1.12 

0.60 

5.05 

1.22 

0.95 

July 10 ... 

87.19 

1.57 

0.82 

7.87 

1.35 

1.20 

July 20 

93.52 

1.10 

0.36 

3.77 

0.63 

0.62 

White 

N. Y. State Agr. Exp. St a. : 

85.26 

2.28 i 

0.22 

10.80 

0.76 

0.68 

Red lYethersfield 

90.32 

1.04 

0.24 

7.39 

0.59 

0.42 

Yellow Danvers 

88.20 

1.14 1 

0.24 

9.23 

0.71 

0.48 

, Top onions 

T- Schleinitz; 

81.53 

2.11 1 

0.24 

14.69 

0.74 

0.69 

Bulbs 

89.16 

1.10* 

0.12 

8.44 

0.71 

0.48 

Edible Leaves 

92.45 

i.34t: 

0.29 

3.96 

0.94 

1.03 

Agcaoili 

89.14 

1.27 

0.34 

6.71 

1.80 ! 

0.74 


* pTir« protein. 0 . 64 %. f Pure protein 1 . 11 %. 


Analyses by Kiliara^^ of the ediHe bulbs of A, baheri, A. ledefouri- 
anum, and A. fistulomm L. \rar. cxspitomm Makinoshow respectively; 
water 70.43, 6D.0, and 75.87 per cent, and on the dry basis protein 
10.31, 6.83, and 10.99, fat €.40, 0.50, and 1.61, soluble carbohydrates 
61.00, 64.40, and 51.42, pentose 2.20, 1.55, and 5.30, fiber 2.45, 1.87, 
and 7.12, and ash 2.20, 1.88, and 3.75 per cent. The vrater extract of 
all three, after purification with basic lead acetate, yielded with barium 
hydroxide a precipitate from which was isolated fruciane (rotation at 
18° C. —41.3°) with the same properties as scorodose from A, &corodo~ 
prasum L. No starch, dextrin, or inulin was found. 

Volatile Oil. — Semmler^ has shown that the chief constituent of 
volatile onion oil is allyl-propyl disulphide (C3Hr>)S • S (C3H7) . A higher 
sulphide and other substances, yet to be investigated, are also stated to 
be present. 

Carbohydrates. — Meager data are available on the sugars. Dahlen-^ 
reports 5.78 per cent of sugar in yellow and 2.26 per cent in red anions. 
Wittmann^ found 0.28 per cent of 'peritomns. Inulin occurs in garlic 
and probably in onion. Mannite is said to be present. 

1 J. Agr. Chem. Soc. Japan 1934, 10, 417. 

= Arch. Pharm. 1892, 230, 434. 

sLandw. Jahrh. 1875,4, 613. 

*Z. landw. Oesterr. 1901, 4, 131. 
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The bulb of the closely nlliecl species A. scor&iopramm L. contains, 
accordinij; to Kihara, ^ rnmnlofic, 

Phosphorus-Organic Compounds. iV/?//m.-“ Bagaoisan^ found 4.70 
per cent, dry basis. 

Mineral Constituents.— Analyses from the conipilat.ions of 
and Hiiskins*^ in terms of percentages of the fresh material follow: 



i Water 

Ash 

K/) 

NaaO 

CaO 

MgC) 

SOs 

SiOa : 

Cl 

Wolff. . . 

. 36.0 

0.74 

0.25 

0.02 

0.16 

0.03 0.13 

% 

0.04 

% 

0.07 

% 

0.02 

I buskins . 

. 89.2 

0.49 

0.18 

0.01 

0.04 

0.02 0.07 





Minor Mineral Constituents. Iroti. Bulb, 0 HainpIoH 75 to 265, aver. 166 mg. 
per kilo, dry basis (Rmiingion aiul Bliivor)-^’ Bolb 3 ir*^. per kilo, fr{‘Kh bfiHis (fVtftr- 
8on and Plbohjem) J Bulb, 2 samples, 4.3, 4.5 rug. per kilo, fr<*^h bjisis (ToFeaiii and 
Reznikoff).^ 

A luminiim, — Bulb 93 mp;. per kilo, dry !)asiH (Berfrniid aini I/v^y) *' Bull) 43. 1 mg, 
per kilo, fresh basis (IJndorhill, Peferman, CJrosH, and Kraim*).® 

Mangmem. — Bulb 3.1)2 rng. per kilo, <lr.y hasiH (Quartaruli).*'' Biilh, 5 samples, 
47.7 to 96.2, aver. 63.3 mg. per kilo, dry hasm (Reriiingi^in an<i vSliivcr).^' 

Copper . — Bulb 23.2 mff. per kilo, <Iiy basiH, equivuilent to 2.9, frORh haais 
(Gut'’rithault).^‘ Bulb 3.44 rng. per kiln, dry baais (Quart nroli).'^’ Bulb, 1) samples, 
5.0 io23.B, aver. 11.5 nig. j)er kilo, dry basia (Ilemijigtnn and Shiver).'’ BultiO.Smg. 
per kilo, fresh baslR (biiidow, Klvu'bjcun, and Peternon).''^ 

—Bull) b'lSnig. per kilo, fresli basis (Bert rami and 
-Bull) 0.0.3 rrig. per kiln, fresh Ijasiw (dadin and 
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Allinnf .'^(rlirut/i L. 

Fr. Ail orcliiinire. Sp. Ajo, It.Aglio. ( hr. Knoblaiicli. 

A iifiliv'c of teinpenife weslfTii A.sin, garli(‘ lias been eiilf.ivafcd in 
lOgypt and oIIkt Alfulitorranean ennrilrias .Queu* prehistoric times. It 
is today higlilv esletune’il in southern Muropf* although more a.s a coiidi- 

* -J. Agr. Chern. Soe. .Japan Ml.Bl, 7, IDIm. 

2 Pldlippine A^r. 1932, 21, 53. 


i Agr. Lxp. St a. 1 1)10, 
M. Ars. Off. Agr. Gliern. 19.30, 13, 12‘i 
5J. BioI.Chem. 1928, 78, 215. 

M. Nutrition 1934, 7, 79. 

«Cornpt. rend, lO.'il, 192,525. 

» Am. J. Physiol. 1929, 90, 72. 


ipce. Bui. 

Ami. fdiiin. ai);)!. H)2S, 18, 47. 
'Toiiipt. rend. 19'20, 171, 195. 

'".I. Biol. (Jhern. 1929, 82, 405. 

*■' BuI.Hor, liyg, aliment. I92H, 16, 457. 
‘^Ojnnpt. rend. 1912, 166, 291. 
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ment than a food. Garlic bulbs, held together by braiding thej 

to form strings, are familiar sights in Italian markets. ^ 

grown by separating the bulbs into cloves and planting 

The leaves are fiat. In certain varieties, bulblets are produced among 

the flowers on the scape as in top onions. 

Hocanabole (A. JSchoradoprGsum L.) resembles garlic. It is grown 
chiefly in Europe where it appears also to grow wild. 

MACROSCOPIC STRUCTURE.— The hnlh is compound, being 
made up of several, easily separable, sickle-shaped, angular bulbs 
C“ cloves '0) the base of a central, scape, and thin, transparent, glisten- 
ing scales of the primary bulb encircling the whole. 

Three kinds of scales are present: (1) papery {hulb) scales^ similar 
to the outer dry scales of the omon, several of which surround the whole 



Fig. 53. Fig. 54. 


Fin. SS.—Oarlic. Dry !=ira.lcs in surfac‘C view. I papery scale surrounding whole 
liulh; II loaMier'y scale of clove, cp lower opiderra; mib opiderm. X 150. (K.B.W.) 
FifJ. 54. — Garlit!. Fleshy (odiblc) parts in surface view showing lower epiclerin and 
siibcpidcrm. I fleshy scale of clove; II leaf from central bud of clove. X 160. 

(K.B.W.) 

bulb and one encloses each group of cloves formed from the primary 
bulb by splitting ; (2) leathery (dove) scales j somewhat thicker than the 
papery scales, often of a pinkish color, each forming a coat for an indi- 
vidual clove; and (T) Jleshy (clove) scales, one to each clove, enclosing 
the bud. 

Often only one clove in a group developvS, in which case this clove 
has both papery and leathery scales. Only the fleshy clove scales are 
valuable. The hud consists of a group of leaves, concentric at the base 
as in a young onion plant, the free ends often being of a marked green 
color. 

MICROSCOPIC STRUCTURE.— The histology differs from that of 
the onion chiefly in that the cells of the dry scales have more strongly 
thickened walls. 

Papery (Btilb) Scale (Fig. 53, I). — The cells of the lower (outer) 
epiderm (ep), in addition to being longitudinally elongated as in the 
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onion, are also beaded. The suhepiderm [suh) is more st.rongly developed 
than the epiderm, the walls being much thickened and beaded. The 
cells are often transversely elongated, and each eonlains a well-developed 
crystal, often 30 m long, or less frequently a cluster of a fc*.w smaller indi- 
viduals. Latex tubes form distinct nerves, often of a Yiddish color. 
The mesophyl and upper {inmr) epiderm am as in the onion. 

Leathery (Clove) Scale (Fig. 53, II).- — In the lower {outer) epiderm 
{ep) the cell walls arc so strongly thickened and <listin<ily porous as to 
convert the cells into sclerenchyina fii>erH with lumen often narrower 
than the tlouble walls. Several layers of iBo<iianiietric or transversely 
elongated cells form the subepukm (ftub). The whIIh are thickened, 
especially in the outer layer. An intercellular space is eorwpicuouH at 
each angle. The latex tubes are well devcdopCMi. The viemrphyl and 
upper (inner) epiderm are the same m in the papery sc^ales, except that 
the mesophyl often has reddish contents. 

Fleshy (Clove) Scale (Fig, 54, 1).— All the fdeiiKmlH are t hin-walled 
and not noticeably (liferent from those of the onion, except that the 
cells of the lower (outer) epiderm are less slrongly el{mgat4id. 

Bud (Fig. 54, II). — Tlie tissues are delicate. <1iloroj)hyl grains and 
stomata are nc>ticea}>le. 

Chief Sthuctuhal (hiAUAOTEHB. — Bull) irn^gular owing to angular 
sickle-shaped cloves aljout (central scape, the wliok* (‘nc^losed in papery 
8cal(3s. Groups of cloves wii,h a (x>rnmon paper is(*ale. Fa<di clovf! with 
one leathery scale and one fiesliy, edihle scab' about hud. 

Pap(‘ry and Ic^athery Hc*ak‘H with more or le.ss strongly thickeiictd, 
l)ead(‘d lower (outer) (‘pidcTin and sub(‘pidenn. ( 'ry.'^tals in .snhei)id(Tin 
of papery s(rak‘S. Struetnre othr‘r\vis(‘ a.s in onion. 

CHEMICAL COMPOSITION. Analysos by Dablen, ’ of the (‘dihle 
part and skin, and by Agcaoili ‘ follow: 


Dnhlpii: 

Wafer 

f * 

Protein 

(■ " 

, f 

1 

loit 

( ' 

.N-f. e.xf. 

\ t 

^ Sia'fir.s 1 

i 1 

f ■ ! 


A^h 

JOdihIn p.'irl. . . 

m . ti(> 

f > . 7f> 

0 , (Mi 

20 lit 

tr.Hff* 

0 77 

1 .14 

Outer nkin . . . . 

0.00 

:to 

o.rA) j 

10 . 1 7 i 


111 riA 

.0 W) 

Age{if)ili 

SK.Ol 

2.20 

„,.r. 

7.27 

i 

I . 17 

I M 


Volatile Oil.- According to SeinmlfU','* olli/l disulfihidt , ':il 
not allyl sulphide, (fbllr>)23, as b(‘li(U’C(i by earlier invest igator.s, i.s the 
njaridw. .lahrb. lH7r), 4,01:1. 

® Pliilippirif* .T. 8ci. 1 1)1 G, 11, 01 . 

»Arch. Pharm. 1892,230, 4M. 
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chief constitaent of yolatile garlic oil, present to the extent of about 
60 percent. Allyl-propyl disulphide, (C 3 H 5 )S *8(03157), and a third 
sulphide, (C3H5)S*S‘S(C3H5); were also isolated, the last named forming 
about 20 per cent of the oil. 

Carbohydrates. — Wittmann^ found 0.93 per cent of pentosans, 
Cheyastelon^ describes a form of imdin (CeHioOs) which he isolated 
as an amorphous powder with a rotation of —39°. It does not reduce 
copper but is completely hydrolyzed by acid to leyulose. It is not 
fermented by hydrolytic or non-hydrolytic yeasts nor is it hydrolyzed by 
amylose, but it is acted on by an enzyme, inulase, secreted by As'pergillm 
niger with the formation of fructose. 

According to Braecke^ a sulphur-containing glucoside is present 
in the parenchyma yielding fructose and volatile oil when acted on by 
the enzymes occurring in the protein cells of the phloem and bundle 
sheath. Starch occurs in the bundle sheath and the roots. 

Enzymes.— See Carbohydrates. 

Mineral Constituents. — Dahlen^ found in the sample of edible part 
phosphoric acid 0.452 and organic sulphur 0.166 per cent. 

Minor Mineral Constituents. Aluminum . — Bulb 36 mg. per kilo, dry basis 
(Bertrand and levy). ^ ^ 

Manganese . — Bulb 17.84 mg. per kilo, dry basis (Quartaroli)J 
Copper . — Bulb 10.23 mg. per kilo, dry basis (Quartaroli).® 

Zinc . — Bulb 10 mg. per kilo, fresh basis (Bertrand and Benzon).^ 


LEEK 

Allium Fortum L. 

Fr. Poireau. Sp. Peurro. It. Porro. Ger. Lauch. 

In the Mediterranean region, where it appears to be native, the leek 
is grown from seed (not from sets) as a substitute for Spring onions. 
Elsewhere it is less common. 

MACROSCOPIC STRirCTirRE.— The blanched bases of the leaves, 
which form the edible portion, are somewhat swollen but do not form a 
pronounced bulb. As is true of garlic, the leaf blades are flattened. 

^ Z. landw. Oesterr. 1901, 4, 151. 

2 J. pharm. cbim. 1895, [6], 83. 

^ Arad. roy. Beige, classe sci. 1921, mem. [2], 6, No. 6, 1. 

^Loc. cit. 

5 Compt. rend. 1931, 192, 525. 

s Ann. chim. appl. 1028, 18, 47. 

7 Bui. soc. hyg. aliment. 1928, 16, 457. 
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MICROSCOPIC STRUCTURE (Fig. 55).-llie following <k>s(Tip. 
tion is of tke leaf blade. The lower (ontcr) ejmlmn lins more nimierous 



stomata than Spring onions. Those are Ruiiken 
below the level of the adjoining longitudinally elon- 
gated epidemaal cells which show distinct atriations 
radiating from the guard cells. As in the onion, 
the cells of the suhepiderm are mostly isodiarnetric 
or transversely elongated with faintly lK)ade<l walls. 
Oxalate crystals up to 35 g, often sknider, occur in 
the bases of the outer leaves. Later tuhefi, meso- 
phyl, and upper (inner) epiderm are the same as in 
the onion. 

Chief S^ritucTuiiAL (kfARAOTKRs. -- Hmen of 


Fig. 55. — Leek. 
Outer leaf base in 
surface vicjw show- 
ing outer epi<lerm 
with sunken storna 
and subepidenn 


leaves thick hut not forming a distinct hull). 

Epiderm cells striate^ {particularly aliout stomata; 
subepidenn of outer leaf bases eontaining eryntals. 

CHEMICAL COMPOSITION. Dahlerd an- 
alyijed the bulb, roofs, and lenw^s with the results 


with crystals, (recaleiilated) as shown below togetlH^r with an 
X 160. (K.B.W-) analysis of the edible {poriiori by Agcaoili." 


CoMPO.SITION OK LkF.K 



A«li 


O.KH 
1 .4<) 
OKf) 

0 . m 


Mineral Constituents. iPahlerd found in f lu; sanipk's < ►[ bulbs, roof. s, 
and IcavcK rosiest ivfdy: phosphorie and P.loO, and O.OSl ; urganie 

sulphur O.Oaf), ().()(>7, and O.ob pnr eent. 

Minor Mineral Constituents, (’tijyjur.- Lull >, frenh 2,5, dry huMH 22.7; lf*av(‘.s, 
fresh 5.0, dry ]>aHiH 54.,U mg. per kilo (Clui'nfhaulf).’ 

Alw/iULum. — PLmt. 201 mg. per kilo, dry b.'i.si.s nk-rtrumi and I.rvy).‘ 

k^fric.—Roof.-free 2.3 mg. [kt kilo, fresh Oasis (Hcrtriind aritl Honzan) *'' 

1 Landw. Jakrb. 1874, 3, 723. ^ Corn pt . rend. H)20, 171, H)G. 

* Philip{)inc J. 8(*i. 1916, 11, 01. * liul. aar. hyg. alirnerjit. 1931, 19, 350. 

® Bui. soc. hyg. aliment. 1928, 16, 457. 



LEAVES OF THE BUCKWHEAT FAMILY 

(Poh/gonacess) 

This family, in addition to a common cereal (buckwheat) and one 
of the most ancient drugs (rhubarb), contributes seveml acid leaf vege- 
tables of which garden rhubarb, with edible petioles, and several species 
of sorrel, with edible petioles and leaf blades, are the best known. 

Characteristics other than their content of acid are the glandular 
epidermal hairs, 'papillde, and the mesophyl crystals of calcium oxalate. 

Although the petioles of rhubarb are rich in oxalic acid, more than 
half of which is soluble in water, this acid is largely combined and their 
acid taste is largely due to malic add. 

RHUBARB 

Rheum Rhapontimm L. 

Fr. Rhubarbe. Sp. Ruibarbo. It. Rabarbaro. Ger. Rhabarber. 

Southern Siberia is beheved to be the home of garden rhubarb. 
As in celery, chard, and angelica, the petiole is the part of chief value. 
In preparing for cooking, the skin is commonly stripped off and rejected; 
on the other hand the bases of the leaf ribs, to which some of the leaf 
blade may adhere, are utilized. Because of its high acidity, the petiole 
is treated more as an acid fruit than as a vegetable, being stewed and 
eaten as a sauce with a liberal addition of sugar, or made into pies — hence 
the name '' pie plant.’^ The leaf blade may be cooked as greens, but 
its possible tojdcity, as noted under Chemical Composition, deserves 
notice. 

MACROSCOPIC STRUCTURE. — The leaves are radical and have 
long (25 cm. or more), thick (often 2 to 3 cm.) petioles with thin, more 
or less united stipules. They are gathered by pulling, the separation 
from the crown being below the stipules where the petiole is thin. On the 
under (outer) side the petiole is rounded and has indistinct ribs corre- 
sponding to the main leaf branches which usually are five ; on the upper 
(inner) side it is slightly grooved. It is smooth throughout. Above, 
it is green, red, or mottled; at the base it is white or pink. A cross 
section held to the light shows numerous vasculai* bundk^s dotting 
the field. 
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MICROSCOPIC STRUCTURE. Petiole (Figs. 56, 57, and 58).- 
A cross section of the petiole (Fig. 56) shows (1) an v.piderni [cp) of 
strongly elongated (except about the stomata and hairs) cells with striated 
cuticle, distinct niicleii, and often rod sap, also stomal a and glandu- 
lar hairs: (2) cdlcnchyma (wl), several cells thick, with vstrongly thick- 



Kk;. 56. Idiuhail. PiUiolf; in rru.-'.s 

.SI ‘('(.inn , cp fiiiih'nii \vi(li Mini 

c (Mifich-; !'nl n )Ilciii'!i>‘in!i wilh c/i 
)!'( ij ihvl fjjrniii.s; ]> p.'in 'iirljyiM.'i of 
ground tds.siio; rr (■.•dciuin (fXnlMl** n>- 
isdlr; (ifii stai'ch .“'lioath of \ M.'jiihjr 
Ijimdlc; j)}i phloem; ./•// xylem with 

0 /; 1(10. (K.ii.W'.) 


ened angles, conlaliiing chlorophyl 
grains {ch); (3) ground tissue of 
pawndiyma (p), containing chloro- 
phyl grains, and crystal nih (rr), 
each containing a large’; calcium 
()xalat(‘ rosetlo; and (4) vamilar 

The gland uidf hairs (Fig. 58,/’, 
F), most not iciuitde in surface pr( 3 p- 
araiioiis, hava* mult icndlular cup- 
shap(‘(l hf*a<Is and often douhle 
basal c(‘lls. Pa pillar similar to 
those on IIk; Faf blade, are soiue- 
linnas pr(^sf*ut on the jadiok* near 
the jiinetion with the huaf hladiy 

The hiY}i^iaU!.s(’uhr bundles (Fif>;s. 
5() and 57) arc; (*neireled on the 
<iut<u’ si(l(‘ l>y a slairh Hlnnlfi (am) 
with starch grains gnuipf‘(i in ag- 
gn^gatfs up to 12 /i. Within this 
sheath tin* (*ells an‘ (Mdlenehyniat- 
onsly t hi(*k<'n(‘d at iIh* angles. 41ie 
pidotMii eonsists of typi^'ol .s/Vrr 
fiil)tH Os; and nnn paaitm r*ils (r). 

.xyhan eli*nH‘nts an* (dijidiy 
sjplntl rus.svf.s’ Ov/H, atitiuldi' (an) 
and nlifuUddl ( rt t ) forms being 
of jess freijUi'iit oceiirreina*. 

Stipules. The i pid( nn ( in holh 
sides eoIl.‘^i^^ls of irregularly ar- 
rangcal, n(*arly is< u liamet ric cells 
ainl ni in ier<)ii.‘>' sloniat a . 


Leaf Blade (log. 5t)j. The/m/w \untrf) tjuddia hct\vf*en tin* veins 
consists of siiiu<)us-wall(‘d cells, stomata, ainl glandular hairs like ihost* 
of tin; p(diol(‘, whih* over t}i(‘ v(*ins tin* .an* st raight-walled and 

(‘loiigiit(*(l with inun(*rous papilla*; lh(^ uppvr ipidtrni dilTers from lb(* 
lo\v(‘r in thal ii(*it her gland niar hairs nor papilla* are present. MesaphiiL 
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elements are chlorophyl parenchyma, vascular bundles, and cells with 
oxalate rosettes. 



cr nm sc an ret sp 


Fig, 57. — Rhubarb. Petiole in radial longitudinal section showing elements of 
vascular bundle and adjacent tissues, 'p^, parenchyma; cr ciystal cells; 
am starch sheath; s sieve tubes; c companion cells; an spiral vessels running 
into annular; ret reticulated vessel; sp spiral vessel. X 160. (IC.B.W.) 


Chiif Steucttibal Chaeacters. — Petiole rounded below, grooved 
above; cross section dotted with vascular bundles. 



I'lG. 58. Fig. 59. 

Pki. 58. — 'Rhubarb. Epidi'rm of petiole in surface view. 4o stoma, E immature 
arul mature glandular hairs. X 160. (K.B.W.) 

Fig. 59.— Rhubarb. Lowtu* f‘i)i(l('rm of leaf blade showing wavy-wallcMl cells, 
Htomata, and two paiiillm ari.sing from straight-walled cells over vfiin. X ICO 

(K.B.W.) 

]<lpiderm of elongated cells and glandular hairs with multicellular 
lieads and double basal cells; collenchyma strongly thickened; ground 
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tissue parenchymatous with crystal colls; vascular bundles with starch 
sheath and collenchyniadike cells; xyloin chiefly s])iral vessels, annular 
and reticulated forms less numerous. 

CHEMICAL COMPOSITION.— The petiole and loaf blade are 
remarkable for their high acidity and the occurrence of oxalic acid in 
different combinations. 

The usual proximate analysis is of little value aside from showing 
the high water content, acids and sugar, notwitlistanding ilu^ differences 
in their organoleptic and nutritional values, being includes 1 in the nitro- 
geii-free extract. A sunimary of 2 such analyses f‘(>mpile<l by Atwater 
and I3ryarit, ^ also 3 by v. Schleinitz^ and one by IVIaue,'^ follow: 

CoMOOBITION OF BhUBAKB 

Water Protein I?at Ash 

pure exf . 

/a 

Atwater and Bryant: 

Edible part (j)oti<jkO 


Min 

Max 

.. 92.7 
.. 9(i,l 

0.3 

0.8 

0 1 

1 ,2 

4 .4* 


0,6 

0.9 

Aver 

.. HA 

0 6 

0 7 

3 6* 

i.it 

0.7 

V. Soblcinitii : 

Peeled petiole 

at, 74 

0,09 

0 10 

3 01 

0 . 5H 

0.88 

Unpeeled petiole. . . . 

.. at .07 

0,71 

0,40 0 11 


0 . K4 

0.94 

Leaf blade 

.. 88,7)4 


0 71 


1 (M 

1 37 

Maue: 

Leaf (blade?) 

. . <JI .I4 

2 ,37 

0.53 

3 m 

U M 

1,61 


* IjImt, t 1 nartipic, 

(hilj)epi)er {ind ( aldvv(‘li‘ and C'ulpepiJ(‘r .iiid Mooir' hav(» sludic'd 
tin; influ(*n(‘(; of ug(*an(l s<‘ason on tlu; c'ompasltioii of rlitibarh. Sdreh'd 
uisults ar(i given in tlu: table on the next p«nge. 

Acids. Attention hius been directed ehi(diy to tlui imilfc iieid of 
rhubarb, although Ang(‘rhaus(ui*’’ state.s that tb(* fn‘e arid is <iiiefly 
7niilic. During the World War when ev<!ry j){>ssihh^ souia'eof niilriiiicnt 
was utilized in (lerinaiiy, rhubarb l(‘aves were first reconinunided for 
greens, then their alI{‘g(Mi toxicity was giv'cn due attention. 

‘ (I. S. Dept. Agr., Off. Dx{). S(;i. liiii. 28 rov. 

^ lijLiidw. Jahrb. 1018, 62, ISI. 

%. UntiTH. Nahr.-denusHin. lOliO, 40, IMr>. 

^ Plant PUyniol. 1932, 7, 447. 

J. Apir. liw. 1033 , 46 , 387 . 

® Z. llnpTfl. Nahr.-(U*riuHKin. IU*2f), 39, 81. 
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Composition of Rhubarb Petioles (Culpepper and Caldwell) 





Solids 





Nitrogen 
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Length 

Total 

Alco- 

hol- 

sol. 

Acids 

as 

malic 

Sugars, 

total 

i 

Poly- 
sacchar- 
ides * 

Tan- 

nin 

Total 

Nitrate 

Amino 

Series 1: 

days 

cm. 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Apr. 21 

10 

5-10 

5.21 

2.96 

0.999 

0.65 

0.55 

0.096 

0.211 

0.014 

0.045 

May 19 

38 

30-35 

5.71 

2.80 

0.884 

0.42 

0.67 

0.086 

0.178 

0.067 

0.027 

June 15 
Series III: 

65 

35-45 

6.52 

2.96 

0.749 

0.66 

0.70 

0.110 

0.130 

0.100 

0.020 

July 6 . . 

5 

10-15 

6.57 

3.44 

1,520 

0.40 

0.76 

0.168 

0.267 

0.017 

0.071 


13 

30-40 

6.15 

3.20 

1.380 

0.60 

0.77 

0.123 

0.197 

0.026 

0.057 


60 

50-70 

6.82 

2.96 

0.781 

0.56 

0.75 

0.265 

0.121 

0.073 

O.OlO 


Acid hydroly-iable. 


Yan Itallie and Lemkes^^ referring to a fatal case of poisoning from 
eating the greens, state that in the leaf blade the content of anhydrous 
oxahc acid varies from 0.30 to 1.11 per cent and in the petiole from 0.44 
to 0.99 per cent, also that the toxic dose is lower than -usually stated. 
Arbenz^ found 0.32 per cent of oxalic acid m the petiole, and Viehoever, 
Kunke, and Mastin^ 0.39 per cent in the petiole and 0.84 per cent in the 
leaf blade. 

Angerhausen states that it is not the free acid but the soluble acid 
potassium salt, EZBC 2 O 4 , that is poisonous. By adding 0.3 to 0.6 gram 
of calcium carbonate per 100 grams of petioles and leaf blades respect- 
ively, toxicity is destroyed, and by treating with hot water the toxic 
principle may be extracted. Sodium carbonate and bicarbonate, also 
magnesium carbonate, do not accomplish the purpose, since the com- 
pounds formed or dissolved are also toxic. 

The following are his extreme results on 4 samples: 



Petioles 

Leaf blades 

Water-soluble oxalic acid. . . . 
Water-insoluble oxalic acid... 
Total oxalic acid 

% 

0.23-0,32 

0.16-0.22 

0.39-0.50 

% 

0.46-0.51 

0.13-0.21 

0.59-0.72 



Maue^ found in rhubarb 0.363 per cent of soluble anhydrous oxalic 
acid and 0.01 to 0.05 per cent of hydroxymethylanthraquinone, free 

I Pharm. Weekbl. 1917, 64 , 1234. ^ Science 1917, 46 , 546. 

‘ Mitt Lebensm. Hyg. 1917, 8, 98. * Loc. cit 
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and combined; none of which nmounis in hin opinion could cause illness. 
He further showed that the acid of t,he stoiiuicli cioes not clissolve the 
oxalic acid of the insoluble coinpounds. Thcvse result s, as well as experi- 
ments with men, led him to conclude that any ill effects must be due to 
other substances, possibly saponins. 

Miaeml Constituents. — An ash analysis by Maue^ siiows the follow- 
ing constituents derived largely from the plant: potash 24.25, soda 
1.28, lime 6.64, magnesia 4.21, phosphoric acid 5.89, an<l Kulj)huric acid 
1.96 per cent. In addition there were present const itiHuits derived 
largely from spattered dirt as follows: ferric oxicUi 2.52, jilumina 14.88, 
silica insoluble in sodium carbonate 15.48, and silica solubki in sodium 
carbonate 9.19 pt^r cent. The un(leierniined niaf t(‘r, 0.!)3 |mt cent, 
included the carbon dioxide combined with 1h(» exc(»sH of bas(‘H over the 
ininenil acids. 

Minor Mineral Constituents. Iron.- Pet iole 8.5 rag. j)f‘r kilo, fresh basw (Pc*ter- 
son and Klvelijeni).* 

Alurninnm . — Loaf blade HiG ing. p(^r kilo, (iry Imsis (B<*r{riiiui niui I/'vy).» 
Petiole nig. per kilo, dry basin (liorf rand and L<Vy).‘* 

Manganct{(i~~l'*o.i\oh 30.1) nig. prr kilo, <lry hasiH (PiderHoii and Skinner),^ 

Copper . — Pet iolo 0.5 ing. par kilo, fresh basis (Liiidovv, IdK’elij«‘rii, an<i Peterw.ni).® 

Zinc . — Pidiolc I.U mg. per kilo, fresh imsis (Her! rand and 

GARDEN SORREL 

iCanrs Arefasa b. 

Fr. Oseill(‘. Sp. Acedera. It . A<*ct<)sa . (Lt. Sauerjiiuph^r. 

Pellcville dock and sorrel ilock an‘ nt her names fnr thi.s species. 
It isu nat.iva; of Fiirofx^ but lias (‘se.o pec 1 from rulfivalion in parf.s of the 
United Stat(‘s. Lik(‘ tho.^e of its roIafi%*e (’ouimon or sIhm'J) .sorrel 
its root. leav(‘S ari' dislinel ly acid, which adds icest to the V(‘gcf{ibl(‘ when 
us<‘d as a, pol Ii(‘rb. 

Si)in:i(‘li (lock or h(‘rb patienec* ( J\\ l*tiiir)il{n L. ) has leaves tap(*ring 
!il the. })a.s(‘, and h'rc'nch sornd ill. .^('ulufus Lj has brood, hfs'irt- or 
h[ili.)erd-sh:ip(*(l haivfss. d'lie young l(‘av(‘s <if ciirlecl d(H-k { !\. rri.spu.^ 
L.), a t.roubl(‘S()mf‘ weed, aro oceasiona lly gathenal for greens. 

’ L{)(*. eit . 

M. i^iol. (them. MI2S, 78,21,5. 

’’ (kimpi. rc'ud- I'.KU, 192,525. 

* Ihil.Hoe. hyg. aliiiieiif. 19.31, 19, .'{.50, 

M. Nutrition lO.'ll, 4,411). 

".I. Biol, (theiri, 19211,82,40.5, 

• Hid. HOC. hyg. aliment. liPJ.S, 16, 1.57. 
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MACROSCOPIC STRUCTTJRE,--Tiie leaves are halberd-shaped, 
often 8 cm. or more long, blunt at the apex but with sharp lobes at the 
base. They are borne on long but slender petioles. 

MICROSCOPIC STRUCTURE. Petiole.— The tissues are (1) epi- 
derm of longitudinally elongated cells, glandular hairs and papillae as on 
leaf blade, and between the ribs numerous stomata; (2) colleruhymaj 
occurring only on angles and ribs ; (3) ground parenchyma, some of the 
cells with rosettes of slender oxalate crystals; and (4) fihro-mscular 
bundles with spiral, annular, and reticulated vessels, the spiral pre- 
dominating. 

Leaf Blade. — The lower (outer) epiderm between the veins consists 
of wavy-walled cells, glandular hairs with usually four-celled head and 
two-celled stalk, and numerous stomata, while over the veins it con- 
sists of elongated cells and papillae, both with numerous minute warts. 
The upper epidern differs from the lower in that the walls are not so 
wavy and papillae and warts are lacking. Calcium oxalate rosettes 
and fibro-vascular bundles like those of the petiole occur in the mesophyl. 

Chief S'Tructueal CHAEAcnEKS. — Leaf halberd-shaped, obtuse; 
petiole long. 

Petiole and leaf blade with glandular epidermal hairs and papillae; 
rosettes of slender oxalate crystals in the inner tissues. 

CHEMICAL COMPOSITIOH.-Dahleni found as follows: 


Water 

Protein 

Fat 

N4. ext. 

Sugars 

1 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

% 

92.18 

2,42 

0.48 

3.44 

0,37 

0.66 

0.82 


Acids. — Arbenz- found 0,27 per cent of oxalic acid. 

Minor Mineral Constituents. Copper . — Leaves 2.4 mg. per kilo, fresh basis 
(Gu^rithault).^ 

Zinc . — Whole leaf 2.2 mg. per kilo, fresh basis (Bertrand and Benzoii).'^ 

ilandw. Jahrh. 1874, 3, 723. 

2 Mitt. Lcbeiism. ITyg. 1917, 8, 98. 

^ Bui- soe, aliment. 1927, 16, 386. 

Mbid. 1928, 16, 457. 



LEAVES OF THE GOOSEFOOT FAMILY 


(Cheno'podiacese) 

Thhb]k Iciif vegetables of this family^ spinach, beet, and chard 
(th(‘, last two being varieties of Beta vulgaris), are lyopiilnr pot hf^rbs. 

COMPARATIVE MACROSCOPIC STRUCTURE. Only the leaves 
and petioles of spinach are edible, the roots being of no value. Beets 
are commonly cultivated for the roots, the tops and und<3velope<i roots 
being a by-product obtained in thinning. The enlarged petiole of cliard 
is the part valuable as food. The leaves of all the nieniliers of the 
group spring directly from the roots. 

COMPARATIVE MICROSCOPIC STRUCTURE. Tim epidems 
of the leaf have wavy-walled cells and jointed hairs with rounded end 
cells. In spinach the end cell is often much enlarged ((uiiutate) and 
unicellukir hairs are present; in beet and chard the end cells artiBeldoiii 
enlarged and unicellular hairs are absent or rare. Cri/sful mnd in large 
aggregates occurs in the mesophyl of all three nienilxTs of the group. 

COMPARATIVE CHEMICAL COMPOSITION. I'ho proUdm of 
spinach have been the subject of a special iiivc*8tigati(Ui. Thi.s vegetable 
is accordingly one of the few leaf vegetables that, have been studi(‘(i 
beyond making proximate^ and ash aiialysc’s. Ah tiiueh as 7(1 pfT cent 
of tlie totiil nitrogen exists as prot<*in.s. 


SPINACH 

oh rirrra 1 >. 

hr. Jsspiiiaiai. Sp. Id.^^piiiacji. If. Spiniie(‘. ( ler. Sf liiiat . 

Persia., aeeordiiig to I )e ('andolle, is the home of conHoon spinach. 
It is possibb' ti cultivated form of A', trtrnhtim Slev. whicfi grows wild 
in Persia and adjoining states and is us(*d there as a vegelal)le. The 
two racers, one willi round the other with priekl}' ar(‘ regarded as 
btdoiiging to the saiiu^ sp^ade.s. 

Spinach was int roduccai into h]iiro}H^ in the fiftf'enth (auitury. 
Pvbiny regard it as the best of all green.s, ami nutrit ionists.Mirongly recoin- 
niend it as a food for chihlren. It is pnauiiiiauitlv a cool-w(tath(*r plant, 
li(;ne(‘ it is grown in tin* Fall aiul Spring, hhionnous {|uaiitities arc 
sliip])e(l north by .southf‘rii truck ganlcner.s during th(‘ rolder inoiilhs. 
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MA.CROSCOPIC STRUCTURE.— The tender young stem and 
rather thick entire root leaves with their succulent petioles are edible. 
The petiole is hollow, grooved on the upper side, and rounded heart- 
shaped in cross section. Although the leaf is ordinarily halberd- 
shaped, ovate and other forms are not uncommon; it is smooth with a 
prominent midrib and several main veins. 

MICROSCOPIC STRUCTURE. Stem. — The elements are prac- 
tically the same as those of the petioles but there are more collemhymd 
and jUro-vasevLar bundles. Over the collenchyma bundles the epidermal 
cells are longitudinally elongated; between these the cells are more or 
less isodiametric, interspersed with stomata. 

Petiole, — The tissues are: (1) epiderm with cells, stomata, and hairs 
practically the same as those of the leaf proper; (2) hypodem of col- 
lenchyma in six bundles — one in each 
edge, one in the center of the dorsal 
rib, and three alternating with the 
foregoing— separated by chlorophyl 
parenchyma; (3) cortex; (4) hollow 
central cylinder in which are three col- 
lateral fibro-vascular bundles with 
xylem, consisting chiefly of closely wound 
spiral vessels, on the inner side. 

Leaf Blade (Fig. 60). Lower (Outer) 

Epiderm (ep ). — Over the ribs and veins 
the cells of the lower epideim are elon- 
gated and have straight walls; in other 
parts they are sinuous-walled. The 
stomata often have horns. 

Capitate hairs occur both on the veins and between them. The 
stalks are jointed, the upper cells being often swollen, and sometimes 
strongly curved. The head varies greatly in size and turgescence. 
Unicellular hairs occur chiedy between the veins, reaching often over 
500 u in length . They are straight, stiff, narrowed at the base, and 
have walls broader than the lumen. Both forms of hairs are particularly 
abundant on the young leaves, but during growth the capitate forms 
shrivel and disappear, and the unicellular forms often are broken off. 

Mesophyl . — This consists chiefly of loosely arranged chlorophyl cells 
and here and there crystal cells (cr), each with a large aggregate of minute 
crystals (crystal sand). Sometimes there is more than one aggregate 
in a cell, but in any case they easily break down.*®^A palisade layer is 
present beneath the upper epiderm. 

Upper (Inner) Epiderrn . — This differs from the lower epiderm in that 



Fig. 60, — Spinach. Leaf in sur- 
face view, ep lower epiderm 
with one unicellular and two 
capitate hairs; cr crystal cell of 
mesophyl. X 160. (K.B,W.) 
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the cell walls arc siraighl, or not sc sinuous, the Hicruuta arc not, so 
numerous, and horns on I ho siornaia am iafnafueut . 

Chikf STRUCTiiHAb ( 'iiARAOTioRs.— IVliolcs aiifl sLuii snccuIcTit, 
hollow; petioles dianneled. leaves more or loss halhonkshaped, 
smooth. 

Petioles and stem with colleneliyina 1>uik1I<'s and filn’o-vaseular 
bundles; vessels mostly spiral. Epiderms of leaf with si raid d- and 
siniK)US“Wallc<I cells, vstmnata, and hairs, both cafiilah' and imiccdlular. 
Mcjsophyl wit h a^ijgrcgates of small crystals. 

CHEMICAL COMPOSITION.- A siinirnary of II aiialys(‘s, as coin- 
piled by Atwater and Bryant,’ also analyses by v. »SehIeinit7>' and by 
Chung and Ripperton'’ follow: 


Gompohitiox ok Si'iSArif 



Wafer 

Prof ('in 

j 

Fat I 

N-f. ext. 

Filler 

AkIi 


0/ 


v 

r ' 

( ' 


A. and B.: 

/(I 

/t> 

. t! 

, f 

, <■ 

/ 0 

Min 

1)1. () 

1,8 

0 2 

R 1* 

0 7 

I 0 

Max 

1)2 . « 

2.4 

0 6 

3,4* 

11) 

2 4 

A ver 

92,3 

2 1 

0 3 

3 2* 

0 9 

2 1 

V. Schldnitz 

OR . 34 

2.‘JS| 

U 27 

1 1 . 74 

i) r>4) 

f S7 

C. and R 

OR . m 

2 12 

1 

O.OS 

2,27 

0 fi.R 

1.51) 




The resullsin I lie* lalde on I In* iiexl ))aj^ran‘ hy ( vvho niadr an 

exlensiv(‘ study ofspinaeli for e;i lining. 

Changes in Composition During Storage. Ceise ’ found fh;it spinnch 
sfoied at gainiMl slightly in iiioislure, wfiorcas .'-Uii-rd at 5 and 

at If) h) 2k('. it lost nioislurc. I )iiring sUsrugo thcro was a loss of 
boll total and nalueiiig lh(‘ gre.‘it(*r loss<*s hcirig for I lie 

Proteins. ()s}K)rnc‘, tMakenuin, Tom venworth. and Xolaii,* In- 
grinding t Ik' gr(‘en l(\‘iv(‘s with water, (-(Uit rifiiging, fil tcring, and nddil i(»n 
of alcohol, s(‘<;ured a bulky preoipitafe which after (*\traot i( )fi with 
alcohol and elh(‘r was of nearly pun* proteins eonddacd or adniixrt 1 with 

‘ If. S. Diipt. Agr., Off. Mxj). Sl.a. U.HRi, Hill. 28 rov. 

* Laridw. .Jahrh. HUK, 62, I.'U. 

^ Hawaii Agr. Kxp. Stii. VMi), Bill. 60. 

< Marylarnl Agr. Kxp. St a. Hl3(), Bui. 320. 

^ J. Biol. Chem. 3920, 42, 1. 
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Composition' of Spinach Showing SejisonaIi Variation (Geisb) 
(Results on dry edible basis) 



Water 

Solids 

Pro- |i 
tein 

Sugars, Sugars, 
total* red.* 

Su- [starch, 
crose^ etc.f 

Fiber 

Alco- 

hol 

[extract 

Fall crop: 

Oct. 9 

89.70 

lO.SOi 

32.75 

6.80 

2.21 

4.59 

11.5 

3.93 

26.06 

Oct. 15 

89.12 

10.88j 

29.75 

4.81 

2.41 

2.40 

11.0 

4.32 

30.61 

Oct. 22 

88.08 

11.92 

29.13 

7.33 

2.10 

5.23 

11.1 

3.07 

30.93 

Oct. 30 

86.491 

1 13.51 

28.38 

17.21 

2.59 114.62 

10.0 

2.84 

36.58 

Nov. 6 

86.78 

13.22 

24.87 

9.64 

3.12 

6.52 

11.0 

3.27 

34.44 

Nov. 13 

86.11 

13.891 27.94 

18.40 

2.20 116.20 

11.0 

2.33 

51.68 

Nov. 20 

85.57 

14.43 

28.81 

11.25 

3.11 

8.14 

9.1 

S.72 

38.74 

Nov. 27 

82.05 

' 17.95 

27.19 

19.51 

1.92 

18.59 

9.1 

2.76 

44.44 

Overwintered: 

Mar. 27 

87.40 

12.60 

1 24.07 

10.14 

3.68 

6.46 

12.3 

3.37 

44.90 

Apr. 2 

87.30 

12.70 

30.25 

13.01 

4.03 

8.98 

12.9 

3.00 

33.98 

Apr. 9 

87.10 

12.90 

29.25 

7.17 

2.52 

4.65 

14.5 

4.22 

32.26 

Spring crop : 










May 8 

90.70 

9.30 

1 30.56 

5.38 

1.49 

3,89 

13.0 

3.99 

31.88 

May 19 

89.12 

10.881 21.26 

8.65 

2.90 

5.65 

13.5 

3.54 

34.64 

May 14 

May 21 

90.1 
, 90.28 

9.85 29.81 
' 9.72 28-44 

4.82 

6.40 

1.47 

2.81 

3-35 

3.59 

12.2 

12.0 

5.67 

31.63 

Leaves May 21 : 

Young 

. 89.81 

10.19 46-31 

6.62 

3.55 

3-07 

11.7 

4.33 

32.03 

Mature 

. 88.90 

1 11.10 31.81 

7,43 

2.81 

4.62 

12.7 

3.94 

42,79 

Old 

, 86.90 

1 15.10 26.44 

8.08 

1.90 

6.18 

13.5 

3.43 

52.88 


* As dextrose, t Non-saccharine, acid-hydrolyzable substances calculated as dextrose. 


a small amount of carbohydrate but containing no nucleic acid. Although 
difficultly soluble in cold dilute alkali, it dissolved in boiling 60 per 
cent alcohol containing 0.3 per cent of sodium hydroxide from which on 
neutralizing it was precipitated in a colloidal form, containing about 
15.25 per cent of nitrogen, readily soluble in dilute acid or alkali. The 
filtrate from the alcohol precipitate contained the water-soluble cell 
constituents forming 50 per cent of the leaf solids including proteose, 
coagulable proteins, and 28 per cent of non-protein organic matter. 

The yield of proteins, representing 67 per cent of the total nitrogen, 
is summarized as follows: colloidal protein 21.2, proteose 1.7, coagulable 
protein 1.4, total proteins 24.3 per cent of leaf solids. 

Jones, Gersdorff, and Moeller^ found in '' spinach protein — evi- 


1 J. Biol. Chem. 1924, 62, 183. 
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dently tho colloidal protein described above eysline 2.72 aiid trypto- 
phane l.Sf) per cent. In spinach protein Ffirth and J.if‘beiF found 
Iryptapham 4.3 per cent. 

Oribnall- describes a method of separate extraction of vacuole and 
protoplasmic matter. The cells arc first phisrnolyzed by <‘thcr, butyl 
alcohol, or some other organic siibBtancc, then the vacnole contentR 
removed, partly by direct pressing, the rernaiiKkir by soaking in ().0f)2 
normal hydrochloric acid and pressing without rupturing the cells. 
The residue is ground with water and the protoi>lfiHinic contents of the 
cells removed as a colloidal solution and flocculatrd with acid, hlxtrae- 
tion of the colloidal mass with alcohol and et her removes most, of the 
impurities from the cytophusm proteins.’' Jiy this process C'rihrmll'* 
isolated from the cytoplasm of spinach leavers a protein spimiein/’ 
containing 16.25 per cent of nitrogen and forming about one-fifth of 
the total protein matter in the cytoplasm. Spinnvin is inKoliihle in 
water and salt solution hut soluble in a slight, (‘.xcess of acid or alkali. 
It contains no carbohydrate groups. 

The following table gives results by ( Vihnall: 


CytDpIfisin protein Vafiiolf pnifcin 



In fetal N 

In protein 

fn fetid N 

bi prof <4 





r ' 

, ( 

Amide M 

0.94 

I 14 

7 !U 

1.11 

Thimiii N 

2.00 

n 33 

2 fjU 

0 .30 

M 

20 59 

4 32 

22 Of) 

.3 1 1 

Oth€r M 

04 41 

10 40 

07.17 

9 44 


1(M).(K) 

10 25 

KK) (Ml 

14 02 


Aft(‘r hydrolysis, spiiiacin yiehled by Van Slyke'.s niflhod ainid(“ 
nitrogen <193; humin nitrogen in acid ().7<), in lime 1. 4b, in amyl alcohol 
0.25; cystiiH' nitrogfui 1.27; arginine nitrngcui 13. S; lysine iiitrf>^(eri 
9.63; hist idiiHMiitrogfui 3.<S9; amino nitrogen in filtrate 58. 09; and non- 
amino nitrogen in riltratf‘ 2.53 per cent. In terioH of amiiif> neid.s, the 
protfdn contained arginim* (5.95, lysine KJtb and histidine '2. .‘51 per eenl. 

Fat. From fresh spimieh Speer, Wise, and Hart'^ i.‘^ol;ited fat ly acids 
C(iuivalent to ().3f)3 grain per 100 grams of t he origiiiid mat erial, of which 

^ Hiofdierri. Z. 1921, 122, 5H. 

J. Biol Obem. 1023, U, m 

® Ibid. 1924, 61, 303. 

Mbid. 1929, 82, 1D5. 



SPmACH 


215 


47 per cent was combined as glycerides and 53 per cent was free. The 
solid acids consisted chiefly of palmitic and stearic acids, together 26.5 
per cent, and cerotic acid Z per cent. The liquid acids consisted of 
linolenic acid 12.7, linolic acid 34.7, and oleic acid 26.3 per cent. 

Sterols, Alcohols, and Hydrocarbons. — ^Heyl, Wise, and Speer/ Hart 
and Heyl, ^ Heyl and Larsen, ^ and Larsen and HeyH studied the con- 
stituents of the nnsaponifiable fraction of spinach fat. The substances 
isolated include (1) three isomeric sterols, a-, |d-, and 'y-s'pinasterol 
(C28H46O) ; (2) two alcohols, nAetracosariol and n-hexacosanol; (3) a hy- 
drocarbon (C20H42), possibly petrosilane (laurane); and (4) an oily 
compound (C27HS4O). On hydrogenation the three sterols yielded 
first spinastenols, analogous to ergostenols, and finally the same reduc- 
tion product, spinastanol (C28H5oO-|H20). They showed melting 
point 172.5° 145 to 148'^, and 159 to 160"^ C., and specific rotation at 
20° C. -“3.7, 4-7.65, and 0^ respectively. 

Acids.—Orrdic acid, doubtless combined as calcium oxalate, has 
been determined in five laboratories with the following results, calcu- 
lated on the fresh basis: Viehoever, Kunke, and Mastin*^ 0.82, Arbenz® 
0.29, Esbach'^ 0.32, Hyder^ 0.49 to 0.69, and Nelson and Mottern® 
0.31 per cent. Nelson and Mottern also separated citric acid and a 
small amount of malic acid. 

Saponins. — Although Dafert^® found for the sun-dried root a 
hemolytic index due to saponin of 1 : lOOO and for the over-dried root 
1 : 400, for the stem and leaf it was small. 

Colors. — Smith and Milner ^ ^ state that the carotene of spinach is the 
/3-form. Karrer and Schlientz ^ ^ found in addition a trace of the a-form. 

Mineral Constituents. — Wolfit ^ found in the vegetable: potash 0.128 
and soda 0.388 equivalent respectively to 11.6 and 35.3 per cent in the 
ash; Haskins reports much less soda, although the amount relative to 


1 J.Biol.Chiem. 1929,82, 111. 

2 Ibid. 1932,95, 311. 

» J. Am. Pharm. Ass. 1933, 22, 510; J. Am. Chem. Soc. 1934, 56, 942. 
* J- Am. Chem. Soc. 1934, 66, 2663. 

® Science 1917, 46, 546. 

® Mitt. Lebeasm. Hyg- 1917, 8, 98. 

7 Bill. gen. Ther. Med. Chir. 1883, 114, 386. 

8 J. Home Econ. 1930, 22, 309. 

® J. Am. Chem. Soc. 1931, 53, 1909. 

Z. Unters. Lebensm. 1930, 60, 408. 

J. Biol. Chem. 1934, 104, 437. 

Helv. Chem. Acta 1934, 17, 7. 

Aschenanalysen. 

Massachusetts Agr. Exp. Sta. 1919, Spec. Bui. 
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the potash is uncertain, owing to a misprint, llie same percentage of 
potash as of ash being given. 

True, Black, and Kelly ^ bronghl a!)out radical (^haiig:(\s in the com- 
position of the ash by heavy fertilizaticui with difTc'rcmi plant foods. 
In addition to single salts they used an ‘^acitl iiiixiuro/’ eoriHLsting of 
aminoniurn sulphate, acid phosphate, potassium muriate, dried blood, 
and tankage, and a “ bvsic mixture '' consisting of Hodium nitrate, basic 
slag, potassium sulphate, dried blood, and tankage. 



Minor Mineral Constituents. Irnn. Plant, oartlv wilOil, ;{.s [ht kilo. 
(Sli(*rrruu»). * Plant -I'l rriK. per kilo, frosh hriHiH f linriKi' qiiofJMl by Plant 

‘20 rriK- pfU’ kilo, frf‘Hh haHin (Baldoni ((udUmI by Shornian).^ Pidihlc purt 'iV fo S7 niK. 
p( 0 ' kilr>, fr<‘Kh hnwH (Lirhfi{»).^ Plaol fVCi niK. imt kiln, fr(>Nh Iio.hi.h f Pct < tsoii and 
I')lv(‘hj<‘ni).^ Plant, 4 Hninplf‘H, .'IPS (o 7)7.1) iuk- P''r kilo, fro'.**!) baMw (Tomrani and 
Ho/.iiikoa).^ Plant, 13 sam})IcH, jK)rfi(»r) 27r) to I7/jO, .nver. 966 iiijj;. per kilo, 

dry PoKiH (HomiriKton find Shiv'or).^' 

Blunt and OfiH^ }iav<* hIiowii that flu* Io.hs of iron foi boiliriui: rc.'toiirM .OtI prr font, 
bcinj< ^>:r(’at(‘r than in other von^’hahlof^ ex.’imiiied. 

Aluniinnni. Pl.-irif IH tolO-t iti^. per kilo, dry fiij -rf r:ui<i and I.t'w).” 

Maiigfmf'nr. Plant, 12 .siiupk*.'^, 62.5 to 25,3.3, avrr. 141.2 riiiL'. per kilo, dry 
hasi.s (Reniiiij. 4 tori find Shivor).^ 

‘ ,1. Ap;r. ReH. 101 (I, 16, I fi. 

® U. H. T)(*pt. Akp., Off. Lk]). St a. RK)7, liul. 86. 

* Am. J. Phnrrn. 1024, 96, 'MW, 

*J. BioI.Chern. I()‘2S, 78,215. 

® J. Nuirit.iori 1034, 7, 7U. 

® J. Aw. Off. Ag:r. CJhern. 1 030, 13, 120. 

^ J. flome Eenn. 1017, 9,213. 

* Bui. soc. hyg. aliment. 1031, 19, 350. 
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Gopyer.— Plant, fresh 1.8, dry basis 18.3 mg. per kUo (Gu6ritliault).i Plant, 
14 samples, 5.5 to 19.9, aver. 10.7 mg. per kilo, dry basis (Remington and Shiver). 2 
Plant 1.2 mg. per kilo, fresh bfisis (lindow, Elvehjem, and Peterson).^ 
Zinc.—'^\iQU leaf 6.2 mg. per kilo, fresh basis (Bertrand and Benzon)d 
Iodine . — Plant none. (Winterstein) . ® 


BEET GREENS 

Beta vulgaris L. var. crassa Alef. 

Fr. Eetteraye. Sp. Acelga. It. Bietola. Ger. Rothe Rube. 

The following description is of plants, obtained in thinning, with 
roots about 1 cm. in diameter. 

MACROSCOPIC STRUCTURE. — The root leaveSj the only ones to 
appear during the first year, are smooth, crenate, with a prominent 
midrib and several primary veins joining the midrib at an acute angle 
on the outer (lower) side and extended along it and the jpetiole as ridges. 
The midrib on the inner (upper) side extends as a single ridge in the 
groove of the petiole. In red beets the ribs and nerves of the leaf and 
the entire petiole are commonly red, while the leaf blade between the 
nerves is either bronze-red or green. 

MICROSCOPIC STRUCTURE. Petiole.—The epiderm on the 
dorsal ridges and between them corresponds with that on the veins and 
the surface between the veins of the leaf blade respectively; in the 
grooves, however, there is a tendency to longitudinal donation of the 
cells. A collenchyma bundle occurs under each of the ridges on the outer 
side and the single ridge on the inner side. The cortex consists of par- 
enchyma and cryfital celh in longitudinal rows containing crystal sand in 
masses often larger than those of the mesophyl. A starch sheath bounds 
the inner row of cells of the cortex adjacent to the fibro-vascular bundles. 
A fihro-vasculftr bundle is situated directly beneath each dorsal ridge. 
The vessels arc mostly spiral, annular, and spiral-reticulated. 

Leaf Blade (Fig. 61).— Both epiderms are practically the same in 
structure, owing in part at least to their upright position during growth. 
On the veins the cells are straight- walled, elongated, end to end in rows; 
between the veins they are irregular in shape with wavy walls. Jointed 
hairs {t) occur on the midrib and veins of young leaves, less often between 

1 Compt. rend. 1920, 171, 196. 

* Loe. cit. 

> J. Biol. Chem. 1929, 82, 465. 

* Bui. soc. hyg. aliment. 1928, 16, 457; 

» Z. pkysiol. Chem. 1918, 104, 54. 
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the veins, but usually shrivel up during further growth. Stomata^ often 
with horns, are numerous between, brit not on, the veins. 

MesojjJiyl. — In addition to typical chlowphyl qHtrvfirhyjna, there are 
present here and there chlorophyMrec cells containing m/.sf/// wu/ri (cr), 
the exceedingly rnimite crystals being in small aggrf‘gat(>-s and these in 
turn consolidated into a large spherical mass showing wit.h ordinary 
magnification little evidence of the component crystals into which they 

easily break tip. Palmifk cells, 
alt.hoiigli pr(‘S(mi, are not 
strongly (levelopfHi. 

(hllKF STHrcTURAL (hlA.ll- 
ACTKUH.--Ih*tiolc> with several 
ridg(‘.s on outer (dorsal) side 
and a single ridgf* in the initldk? 
of th(‘ grove* of the inn(*r side. 
Leaf blade snaiotli, cnuiate, 
eoniitionly \vithr(‘d midrib and 
veins and grofui or r(*<i intervals. 

himlcriii on ridgesof petiole 
and on midrib and veins of 
IfNivcB of elongated, slraighi- 
walled cells and joirittal liairs; on siirfaee het\vf‘eii veins anrl ridges 
of wavy-walhvi e(‘Ils and stomata. .Mt^sopdiyl and groiiiHl tissiu* of 
petiole with crystal cells eontaining nias.*^os of eryst .'ti .sand. PtUioIes 
and inidril) \vit,h a (‘ollenchymia huiidk^ In’oeath eaeh ridgft and a 
fihro-vasciilar bnndio henealh eaeh outer ridge*. 

CHEMICAL COMPOSITION. \'o data are at liari<l on (he eom- 
posiiioii of the kaives and small n>(»1s f)r (he gardeai beef <d)tairjf‘d by 
tJiinning and used for greens. 'The .*inalys(‘.s herewith of (lie leaves ef 



Ekj. 61." Lfiaf in Rnrfa(;e view. Lnwpr 

epidni'in, with t hair Hri.sine: ever vein ; rr 
e(dl with (TystaJ siiTid from iiic.sopliyl 
X 160. (K.Ii.W.) 


('oMeo.sriKtN or Bkkt I^kavf.s 



Wafer 

Frot«-in 

F;it 

.\-f. rxl. 

I-il.cr 

Sugar hcfitH: 

(• 


( 


^ ; 

F. and W 

S7 .Kl) 

2.:a; 

0,24 

fv. is 

1 ,07 

Mangolfts: 

V. iSfhleiiiily. 
Plafie 

j 

01 .SO 

j 

•j.rgr 

■ 0.12 

2 . s:i 

0.75 

TVMiole 

05.01 


0.10 

2 . 42 

{) 7K 


* Para rirritHii 2.10%, t Pur« r'rntr'in 0.53%, 


A.sh 


I. 00 


I fi;i 
O.H7 
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sugar beets by Failyer and Willard^ and of mangolds by v. ScHeinitz^ 
probably represent the mature material separated from the roots when 
dug. 

Nitrogenous Bases. Betaine , — Stanek and Donain,^ who have 
examined plants of different families for betaine^ state that its presence 
is confined to two families, Chenopodzacese and AmarantaceB. 

In the leaves of the sugar beet, Stanek^ found 2.62 per cent of betaine, 
in the root 0.95 to 1,2 per cent. It appears to be concentrated in the 
parts of greatest physiological activity, serving probably as a step in 
nitrogen metabolism and not as reserve material. The seeds contain 
little or none. 

Acids. — Ryder ^ reports in 2 samples of beet greens 0.62 and 0.75 per 
cent of oxalic acid, doubtless combined as calcium oxalate. 

Carbohydrates.— Colin, ^ in accord with Girard and other earlier 
investigators, believes that sucrose is formed in the leaf of the beet and 
is thence translated to the root. 

Colors. — The carotene isolated by Smith and Milner^ from the leaves 
of the closely related sugar beet, Swiss chard, and spinach, hke that 
from the leaves of the cauliflower, sunflower, and alfalfa, melted at 
180.5*^ C. and was optically inactive, hence is classed as fi-carotene, thus 
differing from ^-carotene of carrot root. 

Mineral Constituents. — Way and Ogston, Wolff, and others report 
analyses of the ash of mature (?) beet leaves of different varieties of 
beets differing greatly in percentages of the constituents. The range of 
potash is from less than 10 to over 30, of soda from less than 13 to over 
31, of silica from about 1.5 to about 7, of chlorine from less than 3 
to nearly 25 per cent, and so on. These differences are probably due 
in part at least to the kind of fertilizer used (see Spinach). 

Minor Mineral Constitneats. -Garden beet, leaves, 3 samples, 170 to 555, 

aver. 372 mg. per hilo, dry basis (lleniiiig:toii and Shiver).® Beet greens, root 18.3, 
tops 35.5 mg. per kilo, fresh basia (l^iteI^s()ll and Elvehjem).® 

Ma%gfmese.—(\im]en beet, leiiv<^s, 3 samples, 143.0 to 205.2, aver. 182.7 mg. per 
kilo, diy Ixisia (Reniiuglnn and Shiver).'® 

r/o/jper.— Garden beet, leaves, 3 samples, 9.0 to 19.7, aver, 13.6 mg. per kilo, 


1 Kansas .Agr. Kx\). Sia. 1891, Hul. 32, 225. 
Laridw. Jaiir-b. 1918, 62, 1.31. 

3 z. Zii(‘,k(uiiid. Bohinon 1910, 34, 207. 

physiol. Chem. 1911,72,402. 

® .J. Homo lOeuii. 1930, 22, 309. 

® Bui. assoe. chim, suer. di.si. 1921, 38, 3,31. 
U. Bi(d. Cheni. 1934, 104, 437. 

®.I. Ass. Off. Agr. Chern. 1930,13, 129. 
a J. Biol. Cheri). 1928,78,215. 
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dry basis (Remington and Bliiver),! Beet greens, njoi l.O, tops O.'J rng. per kilo, 
fresh basis (iJndow, Elvebjena, aiul Peterson).'-* 

Zinc . — l‘e(ioki0.2 mg. jxirkilo, frosli basis (Hertraiul Jiiui Bciizon).*'* 

CHARD 

Beta vulgaris L. var. CieJa Motp = B. Civhi L. 

Fr. ( 'arde-poiree. Sp. Hoja de Alcachofa. (Ut. Kraut nteiigeL 

In addition- t.o the fieshy-rootecl beet, certain giirdini varieties fiave 
been devtdoped Holelj for their leaves and peti()I<‘S, wfiieh are used as 
greens, and oiFiers for tiicir fleshy peti()lf‘K, both being clawod an var. 
Cirla. Ohard or kSwIss chani is the common name for the lat lor group. 

MACROSCOPIC STRUCTURE.- 11io pdhlrs luv white or ntuirly 
so, crisp, grooved on the inner side and with sirongly d(*veIop(‘(I ridges 
on the outer side. In the lower half, tliey tin* fliickfU’ and niort* flat t(‘ned 
than the petioles of beet root or celery. A row of hundk^s corresfM)n{ling 
to the ridges is evident in cross section. 

MICROSCOPIC STRUCTURE. Kxeej)t for nn^re robu.st fk*v(‘Iop- 
ment the structure of the loaf and fjctiole is the same as deseribf^d under 

CHEMICAL COMPOSITION, ('hung and Rif)p(‘rton^ give the 
following analysis of Swi.ss chard ” or ‘‘ la'af Heel grown and kiunvii 
in Hawaii under the ('hiii(‘sf‘ name liin-dmi and the .lapanes<‘ name 
lo-jim : 

GoMrosrrioN' of r'liAun ((’Hr.vo and K n'i-f;ion\) 

I'ai X-f. ^'vt. 


<rj.l7 I tf) 0 IS 0 S7 2 

Colors. S(‘(‘ Feet Crcmis. 

Mineral Constituents. I'bf* ab( )V(‘-'miin<Ml luilhors found: rakium 
0.1 00, iron ().()() b!, jtnd {)li<),sph(>nis ().l)2t per (-mU , al.^) nlkaliuit>’ of the 
asli 21.t) ex|)res.s(‘(l as ciihic coni in icr.'-^ of norm. a 1 acid per I(U1 gniins fiedi 
vcgoinble. 

Minor Mineral Constituents. Jnift. IciMr lO.'J lo^r. p'-r kiln, fn-.Mh fads 

(I’clci'Kon and I'iU'chjctn).'’ 

("a/>/;r/-. Lc.af 1.1 log. per Lilo, iVoh ha.-is (l.irainw, 1 ,K cfijoa, .'ttul Pefer- 


* Loc. ('il . 

M. Hiol. (diciri. ln2e, 82, 4(ir). 

■’ Hul. N()(‘. hyg. uliniotit. iU2s, IS, d57. 


Ai;r, lixp. Sfa. PJ2t), Hul. 68, 
M. Biol. (Uirrn. ItL's, 78, 217). 

«lhid. nriu, 82, 4#ir>. 



LEAVES AITD STEMS OF THE AMARAFTH^ FAMILY 

{Amarantacem) 

Onxy odd genus, Amafantm, is represented. 

PIGWEED 

Amamntm spp. 

Fr. Amarante. Sp. Amaranto. It. Amaiaato. Ger. Amarant. 

Common pigweed or red-root (A. retroflexus L.), a garden weed intro- 
duced from the tropics, is eaten as a pot herb in certain sections of the 
United States. Bailey^ refers to hon-toi~moi (A. gangeticus L.) which 
he found of no special merit, but Chung and Ripperton^ state that it is in 
demand in Hawaii under the name of Chinese spinach (Chinese : yin- 
choi; Japanese: hiu or hzyn). Blasdale^ found both the weed and a 
cultivated form on sale in Cahfornia. Specimens, described below, 
obtained by the writers from iMew York Chinatown, could not be dis- 
tinguished from our garden weed. 

MACROSCOPIC STRUCTURE. — The ovate, somewhat pubescent 
stem leaves are borne on long petioles. At the edible stage the floioers 
are undeveloped. The root is bright red. 

MICROSCOPIC STRUCTURE. Stem.—This is made up of (1) 
epiderm of elongated cells with jointed, somewhat capitate hairs and 
occasional stomata, (2) hypoderm of collenchyma cells, (3) cortex with 
crystal sand cells and chloiophyl grains, and (4) central cylinder with 
crystal sand cells and vascular bundles. 

Leaf. — Both epiderms consist of wavy-walled cells elongated and 
straight-walled over the veins, stomata, numerous jointed hairs with 
rounded sometimes enlarged end cell, and, rarely, unicellular hairs. 
Crystal sand is abundant in the mesophyl, especially along the veins. 

Chief Stutjctural CHAEACTEiiS. — Stem leaves ovate, pubescent. 

Epiderms of leaf with straight- and wavy-walled cells; hairs mostly 
jointed; mesophyl of leaf and ground tissue often with crystal sand. 

^ Cornell Univ. Agr. Exp. Sta. 1894, Bui. 67, 199. 

2 Hawaii Agr. Exp. Sta. 1929, Bui. 60. 

3 U. S. Dept. Agr., Of. Exp. Sta. 1899, Bui. 68, 29. 
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CHEMICAL COMPOSITION. — Analyses of pigweed by Blasdaled 
species not identified, grown near San Francisco, California, by Agcaoili,^ 
stated to be A. oleraccus, grown in the Philippines, and by Chung 
Ripperton,'^ stated to be A. gangeticus, grown in Hawaii, follow: 


Composition of Pigweed 



Water 

Protein 

Fat 

N-f. ext. 

Filler 

Ash 


% 

% 

% 

% 

% 

% 

Blasdale 

91 .52 

2.61* 

0.36 

3.03t 

0.92 

1.56 

Agoaoili 

Culilis 

83. S5 

3.98 

1.71 

6.99 

1.63 

2,44 

Colia vmlnco 

81 .38 

4.1)0 

0.57 

8.39 

2.00 

••J.io 

a andK 

92 .30 

1.68 

0.12 

3.22 

0.99 

I m 


Pur© protoin 1.67 %. t Starch 0.50 %. 


Nitrogenous Bases. Betaine —Stimek^ reports 2.62 per cent in the 
leaves and 0.48 per cent in the roots of A. rdmflmiH, Bi»e also Beet 
Greens. 


1 U. S. Dept Agr., Off. Exp. SU. 1899, Bui. 68. 

* Philippine J. Sci. 191 (i, 11, 91. 

^ Hawaii A^r. Exp. Sin, 1929, Hiil. 80. 

* Z. phyaiol. Oh<‘ni. 1911 , 72, '102. 



LEAVES AND STEMS OF THE ICE PLAHT FAMILY 

(Aizoaces^) 

The ice pknt and purslane families are closely related, and plants of 
both by reason of their fleshy structure are adapted for desert regions or 
hot dry seasons. This fleshy condition also makes them suitable for 
greens. 

In addition to New Zealand spinach, leaves of species of Mesembry^ 
anthemum are used as pot herbs. 

NEW ZEALAND SPINACH 

Tetragonia expanm Murr, 

Fr. Epinard de la Nouvelle Z^lande. Ger. Neuseeltodischer Spinat. 

This plant was introduced into Europe from New Zealand but is 
said to grow wild in other South Sea islands, also in Australia, Japan, 
and South America. 

Botanically the plant is not related to common spinach although 
serving as a substitute for it. Leaves and tender ends of the branches 
may be cut from time to time during a long season. 

MACROSCOPIC STRUCTURE. — The rounded-triangular, rather 
succulent leaver reach 10 cm. or more in length, the margined petiole 
constituting from one-third to one-quarter. There are three to six 
prominent veins on each side of the midrib with few or indistinct vein- 
lets. The small (5 mm.) yellow-green flowers, with a four-lobed calyx 
but no peduncle, are borne in the axils of the leaves while still in the edible 
stage. Owing to the presence of the minute bladders, visible under a 
lens, the succulent stem and leaves glisten as if covered with frost. 

MICROSCOPIC STRUCTURE. Stem.— Cross sections show (1) 
e'piderM with oval bladders, two to three times the length of the cells; 
(2) hypoderm of thin-walled, elongated chlorophyl cells, several thick, 
passing into collerichgnia cells, also several thick; (3) cortex of elongated 
paronchyma cells and occasional oxalate rosettes; (4) starch sheath; 
(5) bundle ring forming a rather narrow close zone; and (6) pith of large 
gi'ouiid parenchyma and crystal cells. 

Leaf. — The cells of the outer (lamr) ejiiderm (Fig. 63, iep) are sinuous- 
walled except on the veins. Stomata are numerous. The bladders (Figs. 
62 and 63), morphologically the same as hairs, some of which are borne 
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on a narrow, jointed stalk, are especially numerous on the veins. They 
vary up to 0.5 mm. and usually have a short, |)(>inted beak. 

The mesophyl consists of typical loosely arranK(*d ccills rich in chloro- 
phyl grains and here and there a cell containing an oxalate rosette 
(Fig. er). A palisade layer is present beneath the inner epiderrn. 

(Jells of the inner (tipper) 
eptdcrm have nearly straight 
walls and on the veins they are 
longitudinally elongated. Sto- 
mata are numerous. The blad- 
ders are like those of the outer 
epiderm but are less numerous 
and varied. 


Fia. 62. Fiii. 63. 

Fio. 02. — Nnw Zealand Spinarh. Leaf in (to.hs Hcftian ihroiiKh !ow*r cpidc'rm 
<}V(‘r vein >; 25. (K.B.W.) 

Fio. G3. — New Zi'iilaiid Spinach, Leaf in snrfjicf* view. ?>;> lower (‘piditrin with 
one larg(^ .sunken and two .sf.alkcd Maddens; rr cry.sfal cell of iiu-.Mojdiyl, >' 160. 

( IC .H.W.) 

(JiiiiOK H'riU'<’Tirit.\L ( dfAitA<Ti-;its. ■ fxuif hallNTd-shupcul, glistening. 
Flower snnall, y(*llo\v-gr(*(‘n. 

Iila<ld(‘rs on both surfa<*e.s of leaves, al.so on .st em, tlowor, and youni' 
fruit. ()ut<‘r ei)i<l(‘riii with wavy-walled (•{•Ils; iriiuM’ (*piderni with 
stniighi-wailcMl (■(dts. ( dilorojdiyl grains and oxalat(‘ ro.s*tt(\s in nu^so- 

phyl and slein. 

‘chemical composition. Xo pnnxiniate analysis availubh^ 
Adds. By Ban’s nud hod, Hydcr' found in a single saniph^ I.2()p(‘r 
cent, of (U'dl/r f/e/d, <1< )iil)tl<'.ss cornhined as <’ab‘iuiii oxalatf*. 

Minor Mineral Constituents. Jmn. j)arl G.'l t«» .50 ruK- p‘*r kilo, fronli 

basiH (Liditiu).'-* 

’ Hurno I'kon. lU.'lO. 22, 

^ -Arm. J. Pharrii. 1 1)21, 96, 3t>l. 





LEAVES ATTD STEMS OF THE PTTRSLAFE FAMILY 

{Portulacacess) 

Several species of succulent plants belonging to this family yield 
excellent pot herbs. 

PURSLANE 

Portulaca olerocea L. 

Pt. Pourpier. Sp. Verdolaga. It. Porcellana. Ger. Portulak. 

Although best known as a weed, especially troublesome because of 
its resistance to drought and its numerous minute seeds, purslane or 
pusley, both wild and cultivated, has value as a pot herb. 

MACROSCOPIC STRUCTURE. — The garden weed is prostrate 
with round, fleshy, green or dull red stems and fleshy, spatulate, ob- 
scurely nerved, alternate leaves, slightly notched at the end. Cooked 
as a vegetable it is mucilaginous. 

MICROSCOPIC STRUCTURE, Stem.— Cross sections show (1) 
epiderm of isodianaetric, or longitudinally elongated cells containing 
the red coloring matter in solution, (2) cdlenckyma several cells thick, 
(3) cortex 'parenchyma with large cells containing here and there an 
oxalate rosette, (4) sta7'ch sheath, (5) fihro-vascular bundles with narrow 
spiral and annular vessels, and (6) pith of parenchyma and crystal cells 
as in cortex. 

Leaf, — Both epiderms consist of large, wavy-walled cells (elongated 
over veins) and stomata with large guard cells. Large palisade cells 
form a distinct row on the inner (upper) side, and commonly a circle 
of two rows of smaller cells, rich in chlorophyl, surrounds each vascular 
bundle. 

CuiKF Struct URAL Characters. — Plant smooth and fleshy through- 
out. Siom round; leaves spatulate, notched. 

Bteui with oxalate rosettes in cortex and pith; leaves with epidenns 
of large wavy-walled cells and stomata; palisade cells beneath the upper 
epiderm. 

CHEMICAL COMPOSITION.— Analyses by Storer and Lewis ‘ 
and by Huston - follow: 

1 Bui. Bussey last. 1877, 2, 11, 115. 

- fncliana Agr. Iilxp. Stu. Hep. 1897, p. 16. 
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Composition op Purslane 



Water 

Protein 

Fat 

N-f. ext. 

Fiber 

Asli 

S. and L 

Huston 

% 

92.61 

86.56 

% 

2.24 

1.81 

o o 

o o 

0/ 

fo 

2,16 

6. 49 

o-f 

!() 

1 .03 
2.12 

% 

1 .56 
2.28 



LEAVES AND STEMS OF THE MUSTARD EAMHY 

(Crvciferge) 

This family furnislies edible roots, stems, leaves, fiovers, and seeds, 
although the same variety or species may mot yield all five. Cauliflower 
is described under flower vegetables. Such members of the group as 
form compact heads naturally have blanched inner leaves which thereby 
gain in tenderness but lose whatever of value may be inherent in the 
pigments. 

COMPARATIVE MACROSCOPIC STRUCTURE.— Kohlrabi is 
morphologically a stem. Water cress, peppergrass, and mustard greens 
have more or less lobed or dissected deep green leaves with small divi- 
sions. Kale and collards also have green leaves but they are larger and 
im the latter case are well rounded with little tendency to lobing. Cab- 
bage and Chinese cabbage are characterized by their large, practically 
entire, leaves forming well-bleached heads, and hrussels sprouts by the 
numerous, small axillary heads suggesting diminutive cabbages. The 
leaves of cabbage and brussels sprouts are more or less round, of Chinese 
cabbage spatulate. Kale, collards, and the outer leaves of cabbage have 
a distinct '' bloom'’ (wax) which is lacking or not evident on Chinese 
cabbage and the inner leaves of a cabbage head. The short petioles and 
main ribs of cabbage and cauliflower are thick and fleshy, even at the 
base, while those of Chinese cabbage, although crisp and succulent, are 
much thinner, especially at the base. 

COMPARATIVE MICROSCOPIC STRUCTURE.— Association of 
histological characters with characteristic chemical constituents is not 
noticeable in this group. The location of the minute amount of volatile 
oil is uncertain. Kohlrabi, although an enlarged stem, has root char- 
acters. 

Epiderm . — Cells with strongly wavy walls occur in water cress and 
the outer epiderm of peppergrass; in the other leafy species the walls of 
the cells between the veins are merely curved or slightly wavy. In 
kohlrabi the cells are polygonal, tending toward quadrilateral. In 
cabbage and peppergrass stoinata, often in pairs, and several subsidiary 
cells form groups ; in kale, collards, and mustard greens the subsidiary 
cells are larger and often variously elongated; in brussels sprouts only 
one stoma is usually present in each group; in water cress grouping is 
not marked but strongly sinuous cells are striking. Distinctly beaded 
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(porous) walls characterize the cell walls of the epidorms of kohlrabi, 
kale, collards, and mustard greens but not usually of ea!>bago, brussels 
sprouts, Chinese cabbage, water cross, and peppergrass. Hairs are 
absent or inconspicuous on cabbage and l>riissels si)r{)iit s. '’fliose on the 
nerves and ribs of kale, collards, inustarcl greens, an<l Chinese cabbage 
are broadly conical, thin-walled, unicellular, and warty, arising in the 
case of Chinese cabbage from marked elevations. Striat.ions f>n the 
hairs arc marked in mustard greens. Large, swolkui fnon-warty) hairs 
and bladders are characteristic of water cress; narrow, much-elongated, 
warty hairs are numerous on pepporgrass. 

COMPAEATIVE CHEMICAL COMPOSITION. TIhj meager data 
do not warrant generalization. 


Tr. Cresson ahhiois. 


PEPPEEGRASS 

LepkUum mthmin L. 

Sp- Lepidio. It. Agretfo. Oer. (lartenkresso. 

The plant, a natives of wesU'rn Asia, has an agr(‘eable spicy flavor 
and serves for garnishing. 

MACROSCOPIC STRUCTURE. As a ivsult of euHivafion the 
leaves differ wid(‘Iy in the degree of lohing and .siilxii vision. TIh^ stem 

lean's vary from entire to piiimihdy lohed 
and 1 (K)t lied; th(‘ rw/ h'nvi’.s an* (‘(uiiinonly 
divi({<‘(I. An Aiist raliaii vjiriety ha.sgoldfui 
yidlow foliag(‘. 

MICROSCOPIC STRUCTURE. 
Petiole. T1 h‘ r/i/'/A/*/// ronsisf.sof greatly 
(‘l(>ngnt(*(l, striated cells, also groupis of 
sloinata, small .^iib.'^idiary ef‘!Ls, ami liiiirs. 

Leaf Blade, die* Ifnrt r ipith rm is 
fref* from hairs. The (m-Hs het \\'(‘en the 
vf*ins !ir(‘ i.‘^o( liar net ric, with st ninglv wavy 
walls, :ind t host* over t he iiiidrih .‘ind V(*iris 
cIongatfMl with str.aight walls. Stoiri.ata, 
often with thickenings at the pohss of th(t 
guard (‘(‘lls, and .^iili.'-idiary rolls form 
groujis. The is striated. The 

I/I consists of rounded cliiorophyl 
e(‘ILs nmoiig which rmiiih’ tihro-v.aseiilar 
humll(‘s\vith ves.^^els most ly of t!ies[)iral, (X’c.'isionally of the pit t(*d, tyfie. 
C 'hiiraet.eristie of the ypjirr {ini/rr} rpiiima (big. fil) are the long, strap- 
.shaj)e3(l (up to ()..5 inni.j, and .short, pf)inte<l hairs. Hot h forms are thin- 



Fio. f31. - Pcppcrgr.'i.s.N'. Ilpiii-r 
(fpidrnii of loif in .‘'■iirfiicf* vii'W 
.showing wnrty hairs ami tr.'iiisi- 
tion from olong.af rd r*'II.s witli 
Kiriaietl oihclr ovrr vein to 
nillKl (■(.•Its hrtnvf'f'n va-in.s. 

too. (IC.B.W.) 
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walled, unicellular, narrow, and warty. They occur chiefly along 
the veins and at the tips, being especially noticeable on old leaves. The 
cells between the veins have less wavy walls than those of the outer 
epiderm, and the cuticle is not so strongly striate. Thickenings at the 
poles of the guard cells of the stomata are rare. 

Chief STRircTURA.L Characters. — Leaves entire or variously lobed, 
toothed, and curled. 

Epiderm of petiole and leaves striate with groups of subsidiary cells 
and stomata; cells on veins and midrib of leaf and on petiole straight- 
walled and elongated; those between veins of leaf wavy-walled; hairs 
thin-walled, narrow, warty, long (up to 0.5 mm.) or short. 

CHEMICAL COMPOSITION. Minor Mineral Constituents. — Plant 1.5 mg. per 
kilo, fresh basis (Gu^rithault).^ 

KOHLRABI 

Brassica oleracea L. var. Cmile-Rapa DC. 

Fr. Chou rave. Sp. Nabieol. Ger. Kohlrabi. 

Kohlrabi is unique among vegetables in that the stem has a nearly 
spherical enlargement resembling a white turnip but more delicate 
in flavor. 

MACROSCOPIC STRUCTURE. — Obviously the enlargement is 
part of the stem since, like a cabbage stalk, it bears leaves on its green 
or purple glossy surface and it narrows below into a typical stem. The 
petioles broaden abruptly at the base and after they drop leave narrow, 
transversely elongated scars. Cross sections show that the thin bundle 
zone with its cambium layer is near the surface (less than 1 mm.) and 
that within this is a rather narrow zone of typical pith, but that the 
inner pith, constituting the bulk of the edible part, contains numerous 
detached bundles. In the lower part of the enlargement and in the 
stem below the enlargement, the pith is free from bundles. It thus 
appears that the thin rind retains the stem characters but the inner 
thickened part has structural root characters suggesting hesby roots of 
the same family. 

MICROSCOPIC STRUCTURE. — The layers of tissues are as follows : 
(I) epiderm^ covered with a bloom, of small more or less beaded, polyg- 
onal cells tending toward quadrilateral, interspersed, especially toward 
the apex, with stomata; (2) cortex of somewhat thickened, porous, 
polygonal cells, larger than those of the epiderm, with occasional porous, 
sclerenchyma cells and groups of thick-walled bast fibers, especially in 


Bui. soc. hjg. aliment. 1927, 16, 386. 
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ilic inner Ijiyerw; (-0 phUnm; (4) crmbiimi; (5) rijkvh with mostly 
reticiukited or piticul vei^sels and less off on spiral v(*.s.sols; (() J outer pith 
consisting entirely of porous, rouinkal parenchyina coils passing info 
(7) inner pith diiToring from iiio ouf-or in that col)we}) groups with or 
wif-hout bundle elornonts are present. 

The cobweb groupie are like those of cruciferous roots (see, Fig. 17). 
In their simpk^st fonu they consist of small thin-walled aini hi urn-like 
cells urninged in radiating rows about a connnon center. Xyleni and 
phloem elenionts occur in the more robust groups, the vesHels, often 
much distorted, being fonnod at the edge and the pliloeni elements at 
the center. In some the vessels run parallel to the axis of the group; 
in others they curve about the edge, off.en forming a complete circle. 
It is thus evident that the Imndlos of the inner pith arescattcre<l and are 
formed independent of the cambium lay<‘.r, resembling in these rcfipects 
monocotylcclonous bundles. They are not (*onneefed with any hun<lle 
sysl ern of the stem below thc‘ cmlargeinent and many of ilicm have blind 
ends, although at the fop of ibe (‘nlargenicuit some pass into leaf f races. 

The xylem elements are largely piife<l and relicnlafed vcKHcds, thus 
showing further agreement with cruciferous roofs in struefure. 

CbniCF Bthtictural CuAHAcTKHs.- Hf(un with globular enlargement; 
rind thin; outxr pith narrow, free from buiniles; inner pith thick with 
detached Inindles. 

Fpidenn of polygonal cells often a|)j)roaehing quadrilateral, ( briex 
with bast filxT groups. \k‘ssels of bundle ririg rind inner pith largely 
rciticulated or pitted, (‘obwidi gr<iuf).s in inner pith. 

CHEMICAL COMPOSITION. 'rh(‘ eomposilioii of th(‘ e(lihle pari 
of 2 samples as cornjiikMl by Af.wat(‘r and Bryant ‘ ami of I sain()le analy- 
zed by V. Schl(dnijz“ follow.s: 


OK Kninot-uo 



W'alnr 

ProUdri 

Proti'iu, 

[)uri‘ 


.Vf.,.. 

A. and 11: 

. f 

1 * 

tn 

f ' 


Min 

[H] <» 

1 7 


0 1 1 

r> 4 

Mfix 

iU 3 

2 3 


0 1 

IS 1] 

Avon 

90 1 

2 0 

0 6 

0 1 

5 6 

V. 1 

'rj.77 

2 02 

I f )3 

0 1 i 

1 

:i .*17 




1 1 
1 4 
1 3 
0 n\ 


13 

0 m 


Ml S. Dept. .Xfcr., Ofl. Kxp. Sta. 100^), Bui. 28 rev. 
2Landw. Jahrlj. 1018, 52, 131. 
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Carbohydrates. — Wittmaim ^ found 1.37 per cent of pentosans. 

Minor Mineral Constituents. Iron . — ^Fresh vegetable 6-8 mg. per kilo, fresh 
basis (Peterson and Elvehjem).^ 

Copper . — Fresh vegetable 1.4 mg. per kilo, fresh basis (Lindow, Elvehjem, and 
Peterson).^ 

KALE 

Brassica oleracea L. var. acepkah DC. 

Fr. Chou vert. Sp. Breton. It. Cavolo riccio. Ger. Blatterkohl. 

The wild species, from which kale and eollards, also by further 
evolution cabbage, brussels sprouts, kohlrabi, and cauliflower, are 
believed to have sprung, is a native of the rocky coasts of western and 
southwestern Europe. Cultivation and selection have brought about 
certain changes in the leaves of kale but no tendency to form a compact 
head. American seedsmen list two principal types of curled kale, the 
Scotch and the Siberian. Among the points in favor of kale are its 
easy cultivation, resistance to frost and even freezing, and good shipping 
qualities. 

MACROSCOPIC STRUCTURE.— As shown by the broadly triangu- 
lar leaf scars, the smooth leaves, each with a bud in its axil, are arranged 
in a rather close four-rowed spiral. Both petiole and midrib are light 
green and neither is distinctly ribbed nor very fleshy. On the other hand 
the reticulations between the main veins are pronounced. The area of 
the thin, dark green leaf tissue is much reduced by lobing. The outer 
part of the leaf blade shows indistinct lobing but strong compound curl- 
ing necessitated by the great expansion at the edges. Toward the base 
the lobes become more pronounced, forming finally divisions, often mere 
scales, separated by naked stretches of midrib. 

MICROSCOPIC STRUCTURE. Petiole.— Both petiole and mid- 
rib of leaf into which it runs have practically the same structure. The 
tissues, starting with the lower surface, consist of (1) lower {outer) 
epiderm of elongated, straight-walled cells and an occasional stoma 
but no hairs; (2) collenckyma, a number of cells thick; (3) ground tissue 
of rounded cells, sometimes containing transitory starch grains up to 
10 ju in diameter, through which run the fibro-vascular bundles with 
spiral, reticulated, and pitted vessels; and (4) upper epiderm similar 
to the lower epiderm. 


1 Z. landw. Versuchsw. Oesterr. 1901, 4, 131. 
2J. Biol Chem. 1928,78,215. 

3 Ibid. 1929, 82, 465. 
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Leaf Blade. — Tho walls of outer {loiocr) ejddcrm (Fig. 65) are thin 
but distinctly beaded. Over tho veins stomata are rare, the outer 
epidermal tissue cxjnsistiiig chiefly of elongated, siraigfit-walled cells 
and occasional stiff, unicellular, pointed hairs, the thick walls of which 
bear miiiierous elongated wiirts. Between the veiiiB the tissue consists 
of groups of one or more stomata and small subsidiary cells, the groups 
being separated by irregularly elongated cells, hkeepi on the guard 
cells of the stomata, the cuticle is covered with a waxy hloorn appearing 
as small dots. Through the chlorophyl parenchyma of tho mcsophyl 

mmiiyilw. fibro-vmcnlnr Imndles of 
the veins consist ing of spiral, reticu- 
lated, and pittecl veswls. 

The upper {inner) epiderm dif- 
fers ehioffy from the lower in that 
usually only one sioma occurs in 
each grou[>. 

(hllHF StIUU TUKAL < hUHAO 

TKRB.— Ix‘aves Kiiioolli, lyrate, 
coninrumly much curled. Petiole, 
midrib, and main ribs light green; 
f issue Ixd.weeui vcdiis dark gre<‘n. 
Epiderm headed; on veins of 

occjisional, unicellular, f hick-walle<l, warty Iiairs; !K‘twe(Mi the veins 
of groups of stomata and small subsidiary velh siparated by irregularly 
elongated cells. Iiiiu'r tissiKNs much ,as in other imaulM'rs of the group. 

CHEMICAL COMPOSITION. Dahleii » arialyyxd I he ribs and leaf 
parenebyma sei)aratf‘lv, as shown ree.akuilated below, ('hung and 
Hipperton- giv(‘ a singh^ analysis of a nen-enrly kah' h)nn(l on the 
Hawaiian mark(‘t when^ the whole i)lant, with or without fhnvers, is 
offered under tin* ( 'binese nanif* I'nidan-ehtn. 



Fig. 65.— -Kale. I;OWer cpidorin of Paf 
in surface view showing tnin.sit.ioii fnjiti 
st.raight-wallcd cells with warty hair 
over vein to groupirifj; of stoiaata aii<i 
aubsielinry colls bofcwceri vein.s. X KK). 
.B.W. 
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1 Landw. Jalirh. 1K74, 3, 321. 
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Carbohydrates. — Wittmann^ found 2.03 per cent of pentosans. 

Mineral Constituents. — Chung and Ripperton^ found: calcium 
0.195, iron 0.0035, and phosphorus 0.060 per cent; also alkalinity of ash 
17.7 expressed as cubic centimeters of normal acid per 100 grams of fresh 
vegetable. 

COLLARDS 

Brassica oleracea X. var. acephala DC. 

Fr. Chou coba. Sp. Cabu. It. Cavolo comune. Ger. Blatterkohl. 

This leaf vegetable^ classed by some authorities as a non-curling kale, 
is grown in the southern states for greens. 

MACROSCOPIC STRUCTURE. — The leaves resemble those of the 
cabbage, being well rounded and only slightly lobed. They are covered 
with a bloom. 

MICROSCOPIC STRUCTURE. — Practically the same as that of 
kale. 

CHEMICAL COMPOSITION.— Priedemann and Holley^ report 
the following average of 3 analyses : 


Water 

Protein. 

Fat 

N-f- ext. 

Fiber 

Ash 

Ca 

Fe 

P 

% 

% 

% 

% 

% 

% 

% 

% 

% 

87.68 

3 91 

0.36 

5.«3 

1.01 

1.64 

0.2070 

0.0039 

0.0750 


CABBAGE 

Brassica oleracea L. var. capitata L. 

Fr. Chou pomme. Sp. Col repello. It. Cavolo capuccio. 

Ger. Kopfkohl. 

Of all leaf vegetables cabbage is perhaps the most valuable. It was 
developed in prehistoric times from the same wild plant as kale but is 
further removed from the parent form. 

Sauerkraut, prepared by the lactic fermentation of cabbage mixed 
with salt, and various kinds of pickles are common commercial products. 

MACROSCOPIC STRUCTURE. — Aside from forming a head with 
inner leaves blanched by exclusion of light, cabbage differs from kale in 
having well-rounded leaves. All varieties have fleshy stalk, petioles, 

J Z. landw^. Versuchsw. Oesterr. 1901,4, 131. 

2 Log. cit. 

® Georgia Exp. Sta. 1928, Press Bui. 278. 
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midribs, and main veins. Classed according to tlio sliapc of the head, 
there are round, oval, pointed, and oblate varieties. petioles and 
lower midrib have five indistinct ridges on the outer side whie.h disappear 
on the midrib where the bundles beneath them pass into the main veins. 
The scars loft on the stalk after the droppin^j; of tlie lower leaves s1k)w 
clearly tlie five main bundles. The veins forming the meshes between 
idle main veins are not prominent except in Savoy V!iri(‘tic?s. Tln^ eoin- 
monest varieties have blue-green, glaucous leaf hUukis fnmi marked 
irregularities; Savoy cabbage, however, is charaeferized by the l)listered 
appc‘arance of the inner surface, clue to tlie Ixnnling inward of the baf 
t issue between the reticiilaf ions. A bloom is evident- on t he older leaves 
but not on the inner leaves of the compact head where it would be of 
less use in preventing evaporation. 

Red cabbage is remarkable in that the inidribs and main veins 
throughout are red or purple, whorcits the tiBsu(‘K in the ineshos of 
leuives exposed to the light are bliic-gnuui with a reddish tint and glau- 
cous but in the inner part of the compact liead they are rc'd. It tluis is 
evident that although e.xclusion of light, prewents the formation of 
chlorophyl it does not aftc^ct the re<l coloring matter. The color of tfie 
slightly acid juice is red, becoming on addition of alkali green, a color 
reaction employed by early chemists in titration. 

MICR.OSCOPIC STRUCTURE. In general st nu’ture, cabbage cor- 
respon<ls with kale, the points of dilTerencf* being, in part at least, due 

to th(‘ formation of th(* eoinpaet laud 
in the former and the spreading habit 
of the leaves in lhc‘ latter. Hiiir.s^ 
whie.li occur <tn tlu‘ v<‘in.s of kal(% are 
not found on the edil>l(* leaves of eab- 
bage. 'I'be (*(‘11 walls of iiif‘ epiderm of 
kale arc distinctly beaded wiiile those 
of th(^ (alible leavf‘s of <‘al>bagfoarf‘ not. 
d'hc out(‘r<‘pid(*rni of cabbage, as shown 
in Fig. (>f), lias more and sirialler sub- 
sidiary (‘(dls in t Ih' groups with the 
stomata than that of kidi*, hut. t his dis- 
tinct ion i.s largely due to ibe immaturity 
of the le{iv(‘s from a compact hfiad 
as compared with those of kaka The 
internal structure of tlie leav(‘s of botli 
varietie.s appears to he identical. 

I’KK.s. IxMves in (compact heads vvitli 
little or no chloro[)h}d. I’cdioie and midrib mc^re ile.shy t han iri kale. 



Fio. 66. — e;?ir>r);in:c. i.awcrr) 
uf leaf in .surfarr* view showirifj; 
traJwition from straiKlif -walh'ii 
(a;11.4 ovfT vein to Krf)ii]).s of .nfo- 
luata and Kubsidinry radls sf'jta- 
rated by dongafed ('(-IIh bcUvff-a 
veins. / ItiO. CK.IkWk) 

iS'riiiJoTeK.Ao 
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Epideims of leaves constituting the inner part of the head without 
beads, bloom, or hairs; two stomata often in groups with more and 
smaller subsidiary cells than in kale. Structure otherwise practically 
the same as that of kale. 

CHEMICAL COMPOSITION. — As given in the table below, anal- 
yses of the whole head made by Richardson^ at different stages of 
development show, in the water-fr§e material, no striking diferenees 
in composition after the early stages. Compared with these analyses 
of the whole head, analysis of the interior blanched portion, collected 
two months later, shows less ash and fiber but more protein and nitrogen- 
free extract. The minimum protein content, shown in Atwater and 
Bryant’s Compilation, ^ seems unreasonably low, even if associated 
with the maximum water content. Analyses by v. Schleinitz® of cab- 
bage of different colored varieties do not warrant any sweeping con- 


CoMposmoN or Cabbage 



Water 

Protein 

Protein, 

pure 

Fat 

N-f.ext. 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

% 

Richardson: 

Whole head 








June 2 

88.39 

2.71 


0.67 

3.86 

0.94 

3.43 

June 26 (465 grams) 
July 3 (540 grams) 

87.39 

2.94 


0-69 

5.11 

1.32 

2.55 

86.01 

2.62 


0.74 

6.38 

1.55 

2.70 

July 10 (925 grams) 

87.46 

2.72 


0.54 

' 5.69 

1.51 

2.08 

Interior 








Oct. 15 (435 grams) 

94.31 

1.48 


0.24 

2.87 

0.54 

0.55 

k, and B. (16 samples): 
Edible part (85%) 


i 

j 






Min. 

86. 0 

0.2 


0.1 

3.4* 

0.5 

0.4 

Max 

94.3 

2.9 


0.7 

8.0* 

1 .6 

2.4 

Aver 

91.6 

1.6 


0.3 

6.6* 

l.lt 

1.0 

V. Schleinitz: 








White 

94.11 

1.20 

0.65 

0.13 

3.29 

0.59 

0.58 

Red 

93.10 

1.50 

0.88 

0.15 

3.79 

0.80 

0.66 

Rose 

83.62 

5.75 

3.16 

0.47 

7.19 

1 .33 

1.73 

Green 

80.97 

5.80 

3.39 

0.88 

8.95 

1 .85 

1.55 

Savoy 

92.11 

2.01 

1.23 

0.18 

4.03 

0.82 

0.75 

Agcaoili - 

91.86 

2.08 


0.28 

4.13 

0,91 

0.79 





* Includes fiber, t 8 samples. 


■U. S. Dept. Agr. Rep. 1883,p. 240. 

’D. S. Dept. Agr., Off. Exp. Sta. lOOfi, Bui. 28 rev. 
“landw. JahrU 1918, 62, 131. 
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elusions as to the varieties, even ’when reduccMl to the same water con- 
tent. The analysis by Agcaoili’ is of cabbage grown in tlH‘ Idiilippines. 

Changes in Composition During Storage. W€‘is(*r and Kurelec- 

found no marked variation during the Winter mont hs. 

Proteins. — The Nitrogen Didrihutionj im ihiiTmuivd })y Yoshinmra’^ 
in fresh cabbage leaves containing 89.4 per cent of water and 0.311 per 
cent of nitrogen, follows: protein, nitrogen 0.091, ammonia nitrogen 
trace, and non-protein nitrogen (including phosphot-iingstic pn^ipitate 
0.051 and other forms 0.169) 0.220 per cent. 

Peterson, Fred, and Viljoen^ note variations m follows: total 
nitrogen 0.15 to 0.24 and soluble nitrogen 0.06 to 0.16 jKjr cent. 

Nitrogenotis Bases. — In 50 kilos of the fresh material YoBhirmira*'^ 
found: histidine present, arginine 0.7 gram, bjHina 0.2 grain, choline 
0.3 gram, and betaine 0.1 gram. 

Of interest in this connection is erepun e.xtractcal b)y Blood •'» from 
white cabbage. This enzyme splits off tryptophaiH^ from Witte’s pepf ()iif‘ 
and casein, also tyrosine from Roche’s peptone. 

Fat Physical and Chemical Yohes. Ozaki*’ ohiained, by ether 

extraction and elimination of substances insoluble in p(dr(>l(nnn ether 
and acetone, a dark-colored oil witiiilte following valiio.s: sapoiufi(‘Htion 
number 144.1, iodine number 103.4, Iteichori-Moi.sHl number 2.0, 
Ilehner number Gl.(>, acid iiuinbeM- 21.2, and iin.sapiuiifiahle mutter 
21.7 per cent. 

Acc()r(Iing to ( )zaki^' the sat united aeitis, eonstitut in^ 
16.3 per cent of tbo total aeid.s, containcMl : aracliube. U1 and palmitic. at 
Iiaist 80 per cent togethfu* with a small amount of m^-ristie but no 
stearic; the un.saturaled aeid.s coiitaiiKol linolenic H), an i.somcr of 
linolic 75, and an isomer of okic at bast 10 jmu’ rent. 

''fhe smiK^ author" saponifuai I beuM iier (‘xtruel of j ho blanched I<‘av(‘s 
of cahbagi*, <‘xtra(‘1(Ml witli (*th(a', and iigitated with w.'dcr. A waxy 
substance. s(‘parat(‘<l, forming a lav'er Ix'fwcen the aqucoins un<l cdicr 
solutions, which, di.ssohaal in aiuMoma yiehhal ervslals corn'spt uxling to 
pahnitofic, melting at 81 to 82" ( and in fh(‘ mother liquor fh/n itlrla- 
rotiUinr, nu^lting at. ( ‘. Tin* author eouchidiMl tluit p;dmi1oni‘ i.s 
con(l(*nsc(l from palmitic acid, n-beiiti’im'out aiie being fiu’inrd from 
pidmitone by reduction. 


* riiililipinc .1. Sd. mif*., 11, !)I. 

Wish. Arch. I.aiwl\v, Abf. H, ^'iernahr. Ticrzuciif P.Kil), 2, 
Z. llritin’K, JNahr-(if‘im.sHin. lUUI, 19, 

U burner \W), 61, 10. 

M. Biol. Ohcin. 191 0, 8, 21.5. 

® J. Agr. Ciicin. 8<>c. , Japan lOBI), 6, ijHK. 

Mbiti. 1030, 6, 773. 
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The ether extract was prepared hy Chibnall and Channoii^ by- 
expressing the juice of the leases, freed from thick midribs, coagulating 
at 70° C., cooling, filtering, removing the excess liquid by pressure, 
drying the coagulum, and extracting with ether. The following amounts 
of the constituents, expressed as percentages of the extract, are gi-ven in 
the final paper of the series: chlorophyl (a and /3) 9.3, carotene 0.5, 
xanthophyl 0.8, calcium phosphatidate 18.5, unidentified calcium salts 
5.1, unidentified iron compound 3.0, glycerides and waxes (containing 
palmitic, stearic, linolic, and linolenic acids) 17.4, glycerol 1.3, unsaponi- 
fiable matter (chiefly n-nonaccsane, C2sH6o) and di-n-tetradecyl ketom, 
Ci 4H29 -CO*Ci 4H29) 12.3, sterols by digestion 4.4, and unidentified 
(probably alcohol and hydrocarbons) 13.3, total 85.9 per cent. 

Carbohydrates. — Sugar, according to Peterson, Fred, and Yiljoen,^ 
wanes from 3 to 4.2 per cent in fresh cabbage. 

Olmsted^ estimated the awailahle carbohydrates, by taka-diastase 
and by feeding phlorhizinized dogs, to be as follows: raw cabbage 4.4 
and 5.0 per cent and thrice-cooked cabbage 0.4 and 0.5 per cent. 

A new crystalline carbohydrate with the probable formula 
CH2(0H)‘CH(0H)*0-CH20H has been isolated by Buston and 
Schryver^ from a water extract of minced cabbage leawes, after prewious 
removal of chlorophyl and fat by ether, proteins by Chibnall and 
Schryvei's method, and other nitrogenous substances by precipitation 
with phosphotungstie acid and baryta-alcohol. This substance may 
form a stage in the making of a pyrone ring which is a!n important 
molecular constituent of the anthocyanins. 

Phosphorus-Organic Compounds, — Chibnall and Channon (see Pat 
above) state that all the so-called phospholipin fractions obtained by 
adding acetone to the ether solution of the fat, contain no true phospho- 
lipins, all the phosphorus being combined as the calcium salt of diglycer- 
ide phosphoric acid of the type E,02CCH2CH(02CR')CH20P03H2. 
The acid, to which the authors assign the name phosphatidic acid, is 
the parent substance of lecithin and cephalin. 

Fhyiin. — Bagaoisan^ reports 4. 11 per cent, dry basis. 

Colors. — Prom ordinary cabbage Ozaki® isolated carotene and xan- 
thophyL Prom red cabbage Willstaedt^ obtained blue-black crystals 
of a substance containing a higher percentage of carbon (63.58) than in 

1 Biochem. J. 1927, 21, 225, 233,479, 1112; 1929, 23, 168, 176. 

2 Loe. cit. 

3 J. Biol. Cheni. 1920,41,45. 

< Biochem. J. 1923, 17, 470. 

® Philippine Agr. 1932, 21, 53. 

® Loc- cit. 

7 Biochem. Z. 1931, 242, 303. 
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anthocyanins; Chmielewska/ however, isolated an anthocyanin pig- 
ment as the chloride (€28H330icCl), apparently isomeric with peonin, 
with one equivalent of peonidin (mononietliyl cyanidiri) and two of 
dextrose. 

Enzymes. — See erepsin under Nitrogenous Hiises. 

Mineral Constituents.— Ash analyses appear in the compilations of 
Atwater and Bryant^ and Haskins^ as follows: 



KsO 

NaaO 

CaO 

MgO 

l\0, 

Atwater and Bryant: 




% 

% 

In cabbage ash 

Hoskins: 

. f)l ,50 

r>.3D 

4.70 

1.90 

5.50 

In fresh white cabbage. . . 

. 0.34 

0.03 

0.02 

O.OI 

0.02 


Ilipperton and IlusselH have analyzed cabhagcis grown on the main- 
land and in Hawaii from the same s(?e<i witfi thc^ following results in 
terms of percentages of dry matter: 



K 

On 

Mg 

!•(> 

Mn 

P 

S 

Cl 

Mainland .. . 
Hawaii 

(10 

/ft 

4,. 38 
3,95 

(■' 

9.7K 

O.fiT 

f ' 

. (1 

0 .39 

9. 35 

■ i‘ 

0 014 

0.(K)9 

0 <KL>5 
(),(K)1JS 

{ ' 
t 

0 45 

0 45 

9 5.3 

9452 

9 29 
9 (5.3 


' A’ iid<l per 1(K) Krunm. 


Alka- 

linity* 


IIH.S 
102. S 


Peterson and Ihdersorr'' give a summary of n^sultH on IS sainpks 
grown in 1924 and 12 grown u\ lP25,<)n the fro.sh basis, ns follows: 


Ciialrium 



Min. 

I\Inx. 


Min. Max. 

A v< 

Min, Mux. 

vcr. 

1 924 

91.0 

m.u 

92. S 

0 ().5(i 

0 043 

(} 017 

0,024 

1 925 

92,9 

93.9 

93.4 

0, 05.3 

0 046 

() 023 

0 028 


^ liooxniki Clmn. lim, 13, 725. 

'** U. B. J)opt. Ago, Off, Kx}!. Sfn. ilKHJ, Bui. 28 n*v, 
■* MjiHua^'huwU-ts Afgr. i'ixp. Sla, SfX'f-. Hul. 

* Hawaii Agr. Pxi>. Htu. ]!}20, Bui, 0. 

M. Agr. lltiH, 1925,33, 095. 
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Minor Mineral Constituents. Item .. — ^Edible portion 9 mg. per kilo, fresh basis 
(Sherman)^ Inner leaves, 4 outer leaves 14 mg. per Mlo, fresh basis (Hausermann 
quoted by Sherman).^ Head 3.4 mg. per kilo, fresh basis (Peterson and Elvehjem).^ 
Edible portion, S samples, 74 to 305, aver, 132 mg. per kilo, dry basis (Remington 
and Shiver).® Head, 2 samples, 3.8, 6.4 mg. per kilo, fresh basis (Toscani and Hez- 
nikoff).'* 

Aluminm . — Outer green leaves 232, interior 0.8 mg. per kilo, dry basis (Bert- 
rand and L4vy). ® 

Manganese . — Edible portion, 7 samples, 30.7 to 47.7, aver. 40.7 mg. per kilo, 
dry basis (Remington and Shiver).® 

Copper . — Edible portion, 8 samples, 4.5 to 8.0, aver. 6.3 mg. per kilo, dry basis 
(Remington and Shiver).® White head 1.8 mg. per kilo, fresh basis (Gu4rithault).« 
Head 0.5 mg. per kilo, fresh basis (Lindow, Elvehjem, and Peterson).^ 

Zim . — ^White head 1.6 mg. per kilo, fresh basis (Bertrand and Benzon).® Edible 
part 12.9 to 17.8 mg. per kilo, dry basis (Hubbell and Mendel).^ 

Composition of Sauerkraut.— The changes that take place during 
fermentationj as shown by Peterson, Fred, and Yiljoen/® affect chiefly 
the soluble nitrogen and carbohydrates. In 7 samples they found the 
following range: 


CoMPOSirioir of Satjeekeattt (Pbteeson, Peed, and Tiljoen) 



Water 

Fixed acids 
as lactic 

Tolatile acids 
as acetic 

Sugars 


% 

% 

% 

% 

Min 

89. G 

1.13 

0.28 

9.09 

Max 

91.5 

1.52 

0.42 

9.77 


The drained kraut and the juice contain nearly the same percentages 
of soluble constituents. The content of total and soluble nitrogen in 
both cabbage and kraut differs little, but of amino nitrogen in the kraut 
is about 50 per cent higher than in the cabbage. 


1 U. S. Dept. Agr., Off. Exp. Sta. 1907, Bui 186. 

2 J. Biol. Chem. 1928, 78, 215. 

® J. Ass. Off. Agr. Chem. 1930, 13, 129. 

4 J. Hutrition 1934, 7, 79. 

® Bui. soc- hyg. alimeut. 1 931 , 19, 359; 
eibid. 1927,15,386. 

7 J. Biol Chem. 1929, 82, 465. 

® Bui. soc. hyg. aliment. 1928, 16, 457. 

9 J. Biol Chem. 1927, 75, 567- 
hoc. cit. 
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BRUSSELS SPROUTS 

Jiramm oleracea L. var. (}(wmiffr(i DC’. 

Pr. C’hou de Ih’uxelles. Sp. Bretoncs do Bnuselas. 1 1 . ( ’jivolcy a Korin oglio. 

Ger. llosenkohl. 

Like cauliflower, this vegetable is an aristocrat i(! ineinber of the 
cabbage family, remarkable for its delicate flavor. 

MACROSCOPIC STRUCTURE.~™Tlie hmds are morphologically 
diiniiiutive cabbages, formed from the buds in tlie leaf axils. 

MICROSCOPIC STRUCTURE. — The mierescopic structure is 
much like that of cabbage, the only marked difference noted being that 
more than one stoma in a group is seldom if ever prewuit.. The elongated 
cells accompanying the fibm-mmilar Lundies of the Klein often have 
somewhat thickened, porous walls. 

Chief Si'kijctukal (’iiAUAcn’Kits.— Heads dirniiiuiiv(% otherwise as 
in cabbage. 

Only one stoma usually pnssent in a group. 

CHEMICAL COMPOSITION. McMIroy and Bigfdow, ^ in a sam- 
ple of bruss(‘ls sprouts eanmai at Jiordeau.v, found: 


Wiit(‘r 

Protein 

I'at 

N-f. ext. 

Id Per 

.\sh, 

total 

.VhIi, 
wait -free 


(■ ' 

.( 

' 

1 * 

, < 

< ■' 




1 .41) 

0 07 

2 SO 

i ! 

1 27 

0 :pi 


Th(‘ sainph' (■()irlaiiie(l til-J.T mg. ptu* kilo of enpper ad(i(‘(l for cot 
Fat In llu' l(‘af wax Salmi ainl ( 'hihriall '• ideal ifled //-noimc 
ir)-n()iia(‘( I a-tionaco.^aiiol, ceiv'l .*ilc«diol, ccrofir acid, and 
ably /climilriiM'onl an(‘, all Ixdicvcd to he end priMliicts of mclah 
hut no nk'fin.s. 

Minor Mineral Constituents. Inm. Head ‘J'i.ii mg. |j<*r kiln, frivsh hiwiM ( I’ctrr- 
•on .and Plvchjcrn). ■ 

Cofijirr. HokI 1 .0 mg. jut kilo, Irfsh ( I.iiidow, k.Iv (dijcm, iuhI I’rOT.Moii),* 

‘ I'. S. Aj'f., I)iv. ('hern, iSUa, Hul. 13 , 11 :U. 

HiocluTn, .1. Wm, 20,1<):{. 

. 1 . Biol. ('hem. I 0 ‘jS, 78 , 215 . 

* 11120, 82,4rK5, 
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TURNIP GREENS 

Young plants of both turnip and rutabaga, often obtained by thin- 
ning, make excellent greens. 

CHEMICAI/ COMPOSITION. — The average composition of 4 
samples, analyzed by Friedemann and Holley/ follows: 


Water 

Protein 

Fat 

N-f . ext. 

Fiber 

% 

% 

% 

% ' 

% 

88.01 

3.42 

0.29 

5.41 

i 

1.07 


Mineral Constituents. — The abov'e-named authors found: calcium 
0.2160, iron. 0.0095, and phosphorus 0.0747 per cent, calculated to the 
fresh material. 


Minor Mineral Constituents. ZiTic ^ — ^Leaf 2.1 mg. per kilo, fresh basis (Bertrand 
and Benzon).® 


POT-HERB MUSTARD 


Brassica japonica Thunb. 

Jap. Mizu-na. Chiu. Sui-choi. 

Koudo^ states that this vegetable is much grown in Japan. He 
describes the seeds and seedlings of two varieties, mibu-na and sensuzi^ 
kio-na, both known under the general name of mizu-m. Chung and 
Ilipperton^ give midsuna as the Japanese name and Sinapis chinensis 
as the Latin name. They state that in Hawaii it is used by the Japanese 
exclusively at the seedling stage. The plant has long been grown in 
tiie United States for greens. 

MACROSCOPIC STRUCTURE, — Chung and Ripperton"^ state that 
the leaves are distinguished from those of Chinese mustard by their 
deep lobes and sharp-toothed margins; further that the 'petioles are 
slender, white, and smooth, the upper surface being flat and the lower 
surface rounded. 

MICROSCOPIC STRUCTURE.— The histological structure differs 
from that of kale in that (1) the cell walls are commonly thicker and more 


^ Georgia Exp. Sta. 1928, Press Bui. 278. 

Bui, soc. hyg. aliment. 1928, 16, 457. 

3 Ber. Ohara Inst. landw. Forsch. 1917, 1 , 139, 
Hawaii Agr. Exp. Sta. 1929, Bui. 60, 
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distinctly beaded and (2) the hairs which occur sparingly on the main 
veins are striated as well as warty and so strongly thickened that the 
end for some distance consists entirely of wall. As regards the stomata 
groups there is no marked distinction. 

CHEMICAL COMPOSITION.- In the table below, the average of 
3 analyses by Friedeniann and Holley^ is of mustard gre(ms, grown in 
Georgia, presumably from B, japan ica. The analysis by ('hung and 
Itipperton^ is of greens of that species grown in Haw^aii. 

Composition op Pot-IIkhb Mubtard 
Water Protein Fat N-f.ext. Fiber Asli Ca Fe 

F. andlL. 8C.C6 4.27 0.21 5.57 1.26 2.03 D.291 O.i O.0S4 

0. andR.. 96.24 1.63 0.06 1.61 0.65 1.01 0.076 6.0631 0.038 

CHINESE CABBAGE 

Brasi^im pe-ii^a i Hai 1 ( ‘j 
('bin. Wong-nga-bak . Jup. Kluint o-na. 

Bailey'* assigns io 1h(‘ above sp(‘ci<‘s the varieti(‘H (d ( 'hine.sf* or eidery 
cabbage forming close heads, ealalogt^d hy American seedsmen under 
the names of ?/'c//r/ hole mid pe t sai. ''riie ( 'hine.se ami Japanese names 
given in the heading arcj on the authority of ( liuiig and liipperton.^ 
pah dun (B. cJnoriisis J..), also ealk'd (’Iiinesi* ealihage, lawfu forme a 
head. As a Fail salad v(‘geial)le, latng hole is of exo^plioiial execdlence, 
rivaling ordinary cabi)age and endive*. 

MACROSCOPIC STRUCTURE. I'Ik^ Bwh difh *r from eoimiion 
ca.bhag(* in Ixdng (dub-shaped, oft(*ii twice as long as broad. Tlui lanm 
an* sjiat-iilate, nearly or (piite s(‘ssile, and incoriHpic.uoiisIy h)f)ed hut wdth 
broadly (‘risp(‘<i margins. At the hasf^ the rniilnh in niu{‘h thinner hut 
broad(T than that of r^abbage and sliows s(iven to jiine dintind- (•(uriiga- 
tions h(‘eoniing su(*cf‘ssiv(‘Iy se(‘ondary ril)S. Both the bre.'idtfi and th(* 
iiumb(*r of ribs deerea.se more abruptly than in eahhagi*. SfilT, traiis- 
par(‘nt hairs, up to 1 nim. long, occur on both sid**.*^, bfdng espeeially 
abundant on the* veins of the out(‘r .side and on the (*dg(\ 

' ( Icorgia lixp. >Sfa, UrJK, PrcHs Bill. 278. 

* hoc. cit. 

('oriiUl .\gr. Itxj). Sin. UKU, Hul. 67. 

* Hawaii Agr. Sta. 1029, liliil. 60. 
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The leaves outside of the head are bright green and non-glancons 
with nearly pure white ribs and veins. 

MICROSCOPIC STRXrCTTJRE* — As in the varieties of Brassica 
oleracea, the cells of both epiderms over the veins (Pig. 67, ep^) are 
mostly elongated and straight-walled while between the veins (ep^) 
they are small subsidiary cells, grouped with the stomata, or irregularly 
elongated, separating the groups. 

The heirs (i) arise from slight 
elevations. They are broad at the 
base, tapering to the apex. On 
the surface are numerous elon- 
gated warts. The mesopkyl is 
characterless. As is true of the 
cabbage group, the vessels of the 
fihro-vascular bundles are largely 
spiral. 

CHrEr SrETJCTURAL Charac- 
TEES. — Leaves spatulate with 
crisped edge; midrib broader but 
much thinner at the base than 
in cabbage. , Hairs, up to more than 1 mm. long, present on veins. 

Epiderms over the veins with elongated, straight-walled cells, 
between the veins with groups of subsidiary cells and stomata; hairs 
conical, broad at base, with elongated warts, on elevations. 

CHEMICAL COMPOSITION. — ^Three analyses are given below, 
one by Blasdale ^ of a sample grown by the Chinese in California and 
known there as pe4sai, one by Adolph ^ of a sample collected as pai- 
isci and analyzed in China, and one by Chung and Ripperton^ of a 
sample grown in Hawaii and known there by the names given above : 


Composition- of Chinese Cabbage 



Water 

Protein 

Fat 

N-f.ext. 

Fiber 

Ash 

Ca 

Fe 

P 

Blasdale. . . 

Adolpb 

Q and E . . 

% 

95.74 

95.42 

96.04 

% 

1.19 

1.21 

1.58 

% 

0. 15 
0.05 
0.05 

% 

1.84* 

1.99 

1.61 

% 

0.S2 

0.76 

0.50 

% 

0.56 

0.56 

0,66 

% 

% 

% 




0.037 

0.0008 

0.057 


* Reducing sugars 1.29, sucrose 0.09, starch 0.31%. 


1 U. S. Dept. Agr., Off. Exp. Sta. 1899, Bui. 68. 

2 PLilippine L Sci. 1926, 30, 287. 

3 Hawaii Agr. Exp. Sta. 1929, Bui. 60. 



Tig. 67-— Chinese Cabbage. Lower epi- 
derm in surface view, between 

veins; ep^ over midrib; t hair over vein. 
Xm (KJB.W.) 
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Proteins.— "As defermined by Kao,^ the nit rogeii in parts of the phint 
ranges as follows on the dry basis: blade 4.6 to 6.1, stalk 2.5:1 to 4.08, 
and root and stem :i.:i to 5.5 per cent. 

Minor Mineral Constituents. Iron-- Celery <'al»I»aK<» 5.7 iuk- n<T fresh haBis 
(Peterson and Idvohjem).^ 

MangnneBe.—OdQTj cab l)ap:e 23.3 mp;. per kilo, dry bnsiK (PotorBon and Skinner).® 

Cojpper , — Celery cabbage 0.6 mg. per kilo, fresh hasifl (Lindow, I^Ivehjem, and 
Peterson).'* 

WHITE MUSTARD CABBAGE 

Brass ica cM7iensiH L. 

Jap. Shirona. Chin. Bak-choi; Fak-choi, 

Chung and Eipperton*'' state that four forms of thi.s vegetable arc 
found on the Hawaiian market: (1) hnk-rhai-sum with slender round 
petioles and narrow leaves and a profusion of ycdlow (2) the 

shakmkina, a Japanese variety, with long slender pcdioles and oval 
leaves, (5) a stout and fleshy variety without flowers, and (4) hak-rhoi- 
chcii, the seedling plants of fho three foregoing varieties ohtained in 
thinning. 

MACROSCOPIC STRUCTURE, ('hung and Hip|XTton give the 
following details: /are/ loose; pr/m/e smooth, while, fie.shy, and glo.ssy; 
ke/ short, green, broadly oho vat e, entire, firm, glossy, and seallofHMiged. 

MICROSCOPIC STRUCTURE. No <la(a. 

CHEMICAL COMPOSITION. Analyses by Hlasdale^' and by 
Chung and ILpperton^ appiuir hxdow: 

CoMPO.StTION OF WniTK Mt STAHI) 


Wafer I 

bofoin j t'a 

N-f. ext . 

: KiluT 1 Anil 

i (a 



f) 7.S n il) 


1) 46 1 0 tin 1 


1 

:. mni H.: 

PlowrriiiK 

nil 

1 04 

0 .sf) 1 1 :n 

n Km 

: 9 (Hl.'il ; n 062 

JapaiiCHO Of) fVi 

0 ()(’) 

1 21 

i in , 

n 121 

> (1 (HUS . 0 (07 

Stout . 95 11’ 

1 :r 0 (»s 

1 72 

1 U 47 f 1 21 

1) (Hii; 


CliiuPHC! .1, BhyHi< 

il. urn, 7, .379 

L 




01. (’huiii. H 

)2H, 78, 215. 





Ol. Nutrifion lU.'il 

, 4, 410. 






M. Biol. Cbmi. 1021), 82, 465. 

Iluwiiii Kxp. Hfn. IU2(i, Bui, 60. 

" P. S. D(‘pt . Agr., Off. Kxp. Sta. 1H(K), Hut 68, 
^ Lnc. fit . 
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CHINESE MUSTARD 

Bmssica juncea Coss = Sinapis cMiimsis L. = B. ramom Roxb, 
Jap. Taka-na. Chin. Kai-ehoi. 

Hondo ^ gi'ves, ia addition to the abo7e, two other Japanese names, 
o-garaschi and kaki-na. He states that the rank-growing plant is 
much grown in Japan, and the large, somewhat spicy leaves are used as 
a vegetable. Chung and Ripperton^ state that under the name of 
leaf-mustard cabbage ’’ or '' green mustard both the seedlings and 
partly developed plants are sold in Hawaiian markets. In the Philip- 
pines, according to Agcaoili, ^ the vegetable is known as mustaza. 

MACROSCOPIC STRTJCTXIRE. — The plant reaches over 1 meter 
in height; the leaves reach 60 cm. in length (Kondo).^ The petiole 
is swollen, curved or straight, usually with white bloom; the leaf blade 
is oval to broad or oblong to ovate, with a notched margin, and a crepe- 
like surface (Chung and Ripper ton). ^ 

MICROSCOPIC STRUCTURE.— No data. 

CHEMICAL COMPOSITION. — ^Analyses hy Agcaoili^ and Chung 
and Ripperton^ appear below: 


Composition of Chinese Mustard 



Water 

Protein 

Fat 

N-f. ext. 

Fiber 

Ash 

Ca 

Fe 

P 

Agcaoili. . . 
C. and R. . 

% 

91.30 

94.22 

% 

2.06 

1.99 

% 

0.31 

0.07 

% 

4.43 

1.90 

% 

0.80 

0.65 

% 

1.10 

1.17 

% 

% 

% 

[ 0.884 

' 0.0035 

0.046 


■W^ATER CRESS 

Roripa Nasturtmm Rushy = Nastwrlimn officinale R. Er. 

= Sisymbrium Nasturtium L. 

Pr. Cresson de fontaine. Sp. Berro. It. Crescione di fontana. 

Ger. Erunnenkresse. 

Brooks and pools, once stocked with water cress, often become so 
clogged with the plants as to render extermination or control exceedingly 
difficult. Originating in the Old World, the plant is now widely dis- 
tributed. The favor is agreeably sharp and mustard-hke. 

^ Ber. Ohara last, landw. Forsch. 1917, 1, 142. 

^ Hawaii Agr. Exp. Sta. 1929, Bui. 60. 

® Philippine J. Sci. 1916, 11, 91. 
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MACROSCOPIC STRUCTURE.— The kmes are alicTnatf^ and pin- 
nately dinded, the end leaflet being rounded, oft en wit k a heart, -8h aped 
base, and the lateral leafieta, which are smaller, ovate or (dliptical 
The rootlets are whit e aiul thread-like. They spring from along the siorn, 
even to the tip. 

MICROSCOPIC STRUCTURE. Stem, The. opkiom, consists of 
greatly elongated, often faintly beaded colls and stomata, the lat-ier 
being UBnally one above the other in rows. Many of tlu‘ cells an^ blad- 
der-like and in additdon much longer and broader tJian the f)tdiers. 
Tfiese bladder-liko cells ako occur on the pet ioles and leavea, wirving to 
giv© buoyancy to the plant. The bulk of the tiRsue is rorlox consisting 
of chlorophyl parenchyma. No eollenchyma in prc\H(uit-. The fibre- 
vascular bundles are arraTige<l about the narrow jiiih. 

Petiole— The loioer {outer) cpiderm consists of greatly elongfife<l c^IIk 
( up to 0.5 mm. or more), many diHiendoil into bladders, ami 



Ki(i. 08 . 



OK, W'liicr 1‘lh‘nn'nt.s of P-;if in siirf:ii'« mws . I piwt r ( imirrm of 

loMf hliiflc showing :i ht-iddfr cr*]! and niighf-w.’illi’d, ♦ t tuirnt-oj n ll.^ ()\cr vriri, 
also wavy-wallod (‘cIIs an<l .s'foiaatii ladwcon veins; I! iiair from cdiLi:'' of t af a(, 
tip; III iipiHT epidnan nf petioli; Hliovviiiij; larjtif' iiair and gnii]{» of shminlu 

V lOQ. (K.H.W.) 

Kkj. 00. - -Waf f-r (V(‘.s«. l'I|ii<ierm of youuK laxitict in .surface \i<'vv with roof 

> mi (KM.W.) 


Hairs arc* absent . Siinikir to flu* eorte.x of the* sttuii tirid the vc'iii.s of tin* 
leaf, the wtso])hijl consists of chlorphyl pan‘nohyma in which an* the 
fibro-iHisruhir bvftdlo.s, lioth spiral and rc*t itadatod v(‘s.h(*Ls an* pre.s{*nt. 
The upper (inncT) cpidtriu fb'ig. t>K, HI j <liffcrs from tht* lower in hjiving 
scattered among the eclls traris|)arf*iit uniecllulnr, hlunf-pointed hdirs, 
up to 0.5 rnm. long, which, like the bladder ceils, are binryant. 
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Leaf Blade— The midrib and Teins have practically the same struc- 
ture as the petiole. Between the veins the Imer epiderm (Pig. 68, I) 
consists of vravy-Tvalled cells with angular turns and stomata, the latter 
often with horns at the poles of the guard cells. On the edges short, 
blunt, unicellular hairs (Fig. 68, II) with striated cuticle are present. 
Typical chlorophyl parenchyma and delicate fihro-vascular bundles with 
vessels mostly of the spiral type make up the mesophyl. The upper 
epiderm diifers from the lower in having hairs, up to 200 n, at the tip. 

■ Root.— Fig. 69 shows the elongated epidermal cells, many of which 
are extended as root hairs, varying from short nipple-shaped to elon- 
gated, twisted, strap-shaped forms. 

Chief Structural Characters.— leaves pinnately divided with 
rounded leaftets; stem succulent with white rootlets. 

Epiderm of stem, lower epiderm of petiole, midribs, and veins com- 
posed of elongated cells, often forming bladders; upper epiderm of peti- 
ole with bladder-like hairs; edge of leaflet with short, striated hairs; 
cells between veins deeply wavy-walled. Root with nipple-shaped or 
long, twisted, strap-shaped root hairs. 

CHEMICAL COMPOSmOIT.— Chung and Rippertoni give a 
single analysis of fresh water cress from the Hawaiian market, and 
Valenzuela and Wester^ give one of air-dry material from the Philip- 
pines. 

Composition of "Watee Cress 



Water 

Protein 

Fat 

N-f. ext. 

Fiber 

Ash. 


% 

% 

% 

% 

% 

% 

C. and R 

94.86 

2.00 

0.11 

1.28 

0-64 

1.11 

V- and W . 

12.28 

27.65 

3,11 

31.80 

10.16 

15.00 


Miaeral Constituents.— Chung and Ripperton^ found: calcium 
0.085, iron 0.0022, and phosphorus 0.053 per cent; also alkalinity of ash 
11.7 as cubic centimeters of normal acid per 100 grams of fresh vegetable. 


Minor Mineral Constituents. Irm . — Plant 72.1 mg. per Mlo, fresh basis (Peter- 
son andElvelijem).® 

Mangcnese.—Plsini, 2 samples, 69.1 mg. per kilo, dr^ basis (Peterson and Skinner).^ 
Copj)&r. — Plant, fresh 1.5, dry basis 18.1 mg. per kilo (Gu6rithault).® Plant 0.4 
mg. per kilo, fresh basis (Lindow, Elvehjem, and Peterson). ® 

Zinc . — Stem and leaves 5.6 mg. per kUo, fresh basis (Bertrand and Benzon).^ 

1 Haivaii Agr. Exp. Sta. 1929, Bd. 60. » Compt. rend. 1920, 171, 196- 

2 Philippine J. Sci. 1930, 41, 85. » J. Biol. Chem. 1929, 82, 465. 

3 J. Biol. Chem, 1928, 78, 215. ' Bnl. soc. hyg. aliment. 1928, 16, 457. 

* J. ITntrition 1931, 4, 419. 



SHOOTS OF THE GIHSENG FAMILY 

{Araliacvu') 

The ^inKcnfz; family, to which Ix^hmg ih^ Mngiish ivy (IJedem) and 
the (iriig ginseng {Fanax spp.), Here rf‘prc‘s<»ritef! by a species 

used as food. 


UDO 

Aralia eo7dala''Thimh. = A. rflulh Sip]). rd Ztiee, 

This Japanme sliooi vegetable aeeonliiig to Fidreliild* may !>o snc- 
cessfully g:rown in New Fnglaiul an<l .south wan! to thf* C ’aroliiian, also in 
the BacramenU) and Puget. Sound rr^gioins of thf^ Paeifie 

CHEMICAL COMPOSITION. Takenelii- gives the fr^llowing 
analysis of the shoots as grown in Japan: water 1)1, HU, protein 1.10, 
pure protein 0.69, fat 0.42, reducing siigars 0.21, .suvrow^ t).(t7, starch 
0.12, pentosans 0.41, fiber O.Kf), galaetari 0,06, tafinin 0..‘>6, and ash 
0.55 per cent. 

UI. K I>i)f. Agr. I!)M, Bui. 84. 

2 Bill. Col. Aki-. Tokyo, !(I07, 7, U’X). 
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LEAVES AND STEMS OF THE PARSLEY FAMILY 

(Umbellifem) 

Like crucifers, umbelliferous plants supply us with leaf vegetables 
as well as edible roots and seeds, and one at least of the species, celery, 
yields all three. Celery and Florence fennel are chiefly valuable for 
the blanched fleshy petioles, although the tender leaves also are edible; 
parsley, chervil, and honewort furnish edible leaf blades, petioles, and 
stems; angelica is grown chiefly for the hollow stem. 

It seems somewhat paradoxical that the waxy whiteness and delicate 
flavor of blanched celery and Florence fennel, on the one hand, and the 
deep green and peculiar strong flavor of curled parsley, on the other, 
appeal to esthete and epicure. 

CLASSIFICATION. — See Boots of the Parsley Family. 

COMPARATIVE MACROSCOPIC STRUCTURE.— racMs, 
and petiohdes have a distinct channel on the inner side, which is espe- 
cially marked at the base, where in Florence fennel they are also mar- 
gined. They also have several ridges on the outer side passing into the 
nerves of the leaf blades. 

The leaves are pinnately decompound, with usually three to seven 
leaflets which are variously divided or subdivided. All the divisions 
and subdivisions of Florence fennel are narrow, the leaflets being 
needle-shaped, whereas the leaflets of celery, honeworfc, parsley, and 
chervil are flat and in the last two species often curled. 

COMPARATIVE MICROSCOPIC STRUCTURE.— All the species 
contain volatile oil as the aromatic constituent. This, as in umbel- 
liferous roots, is located in oleorestn cavities and not, as in umbelliferous 
fruits, in jointed ducts (vittse). The cavities accompany the fibro- 
vascular bundles. 

Hairs in the strict sense are absent except on the midrib, veins, and 
margins of chervil. Long papillae occur on the midrib of honewort and 
short ones on the midrib of parsley. The epiderm on the ridges and 
veins consists of elongated cells which are transversely arranged in cel- 
ery and Florence fennel and longitudinally arranged in parsley, chervil, 
and honewort, whereas between the ridges and veins it consists mostly 
of isodiametric, wavy-walled cells and stomata. The transverse 
arrangement is dependent on the maturity, being present on petioles 
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and v€inH of all the plants wlion {it wliirli stage celery and 

Florence fennel are eat can 

A aAhiii'hywtt hiudle occurs })en<‘a(h rs'icli ridge of the petiole and 
midrib and w fdrihVdmiUir lamdk^ further inward, hi cross section the 
bundloH form a cn‘scent“.sha|)(‘{,J row. 

(hiiKP ^STUucnaiUiVL (hjAUAC’TKHH.— -U'avevS jiinnaiely decompountl. 
Petioles channeled on inner Hi<le, ribbed on outiT side. 

Abilatile oil in oleoreain cavities. Colleneliyina aiul fibro-vasciihir 
l.)undl(\s beneai.h ri<lg(w. ]‘Ipiclernis smooth except for hairs on chervil 
and papilhn on honewort and parsley. 

COMPARATIVE CHEMICAX* COMPOSITION. Hie clmracter- 
istic flavor of each iinibclliforous leaf vegetalife is dne to trace's of its 
own peculiar volaiik oilj but quantitative doteniiinaiioim arc not availa- 
ble. Doubtless Buch fig^ircs, coupled with organoleptic tests, would 
furnish a basis for Judging (piality. Too inueh volatile (hI im|>art.K a 
disagreeable flavor and is more to }>e avoi<Ie(l tliaii too littk\ 

Aside from flavor, crispness and <‘x:treine whiteness of celery and 
Florence fennel arc t he (diic‘f desiderat a. A nalysis ns c irdinari ly followed 
furnishes little information. 


CHERVIL 

Ardhrisrufi Cvnjdiuni Iloffm. - - ^atudu' Cn'*ft^Uum L. 

Fr. ('erh'uil. Hp. IVrifollo. It , (’erfoglio, Tier. Kcudiel. 

S(;v<Tal plants of ihc' tribe Nruz/r/bv ;r have lenvc.'^ with an aiiis<*-!ikc 
fragrances uses! for garnishing and tlavoring salads .'irid otb(*r dishes. 
Sw(S‘t, eieely is a synonym for myrrh td/z/rr/z/.s* <//Airc/</ .‘^copj, an Kuns 
pcan plant sf'ldoin cnllivatcd in the rnile<i Sfato.'^, hut is also apfilicd 
to sevcual American sp<‘eif‘s cjf O.suiarrJtizn dlb/.v/z/'/zy/mz/bl, tin* stems 
and roots of wliich an' eat(*n liy children. 

('hervil, a plant unlive of thf' region about thf* lUnrk and ( 'a.'^pian 
Seas, is grown in kitclaui ganlens of bnropf' and Aiiierica.. 

MACROSCOPIC STRUCTURE. In form lla* decniiipoiind Imns 
rc'semblc those of parsley lait ar^* more dfiicat <*. The .*-mall nvnl If'utlfd.s 
vary from flat to curled, aeeronliiig to thf* variety. 

MICROSCOPIC STRUCTURE, f.arge, l,ro:iil, >titT, unieellular, 
warty, jioiiitiMl hnirs^ {»ecurring along thf* midrib veins, .'uxi niargin.s of 
the lower side of the leaf and on tlie rifw of the iwtiolc, where tlu'y are 
longest, are the ebif^f inicro.scopie erhameter disl inguisfiing ehervil from 
parsley. r,)thcr ie.s.s striking distinctions are the anrrowf‘r and leager 
epkkfrmd colk over the rilis of the {^‘tiole and tin* ahseiKJf' ef Ixnidsin 
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the cell walls. Frequently only two accompanying cells surround each 
stoma. 

Chief Structural Chaeacthrs. — Leaf decompoimd, with small 
oval divisions. 

Large, broad, unicellular, warty, pointed hairs occur on veins of the 
lower side of the leaf and ribs of the petiole. 

ANGELICA 

Angelica Archangelica L. = Angelica officinalis Hofm. 

Lr. Angelique. Sp. Angelica. Ger. Angelica. 

Angelica is a stately European plant, the root of which is used in 
medicine. In France the candied, decorticated internode of the stem, 
often colored bright green, is prepared on a commercial scale for use 
as a confection or for decorating pastries. 

MACROSCOPIC STRUCTURE, — ^The internodes are hollow, finely 
corrugated, several centimeters in diameter, and reach great length. 

MICROSCOPIC STRITCTTJRE.—The tissues of the internode are 

(1) c'piderm of indistinct rows of polygonal cells which are longitudinally 
elongated except near the nodes where they are transversely elongated, 

(2) hypoderm of a few rows of weak collenchyma, (3) cortex of loose 
parenchyma with oleoresin ducts and robust fiber bundles over which are 
the ridges, (4) darch sheath, (5) fibro-vascnlar bundles with large vessels 
(100 ]i or more) of various types, and (6) pith. 

The process of preparation obscures the delicate elements such as 
oleoresin cavities and starch sheath. 

Chief Structural Characters. — Internodes corrugated, decorti- 
cated in commercial product. 

Epiderm cells transversely elongated at nodes, longitudinally elon- 
gated in internodes. Fiber bundles and large vessels (lOO y) conspicu- 
ous, oleoresin cavities obscured by method of preparation. 

FLORENCE FENNEL 

Fceniculum vulcjare Mill. var. duke Alef. = F. dulce DC. 

Fr. Fenouil doux. Sp. Hinojo. It. Finocchio. 

Ger. Romiseher Fenchel. 

A recent introduction into the United States to meet the demands 
of Italian residents, this plant, known also as sweet or Roman fennel, 
is being featured by seedsmen for general cultivation. As with celery, 
the petioles or leaf stalks together with the immature inner leaves are 
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eaten, either niw or eookeci, a*s a veg:e1abk*, ami tlie Hi.iTjng;, anise- 
flavored l(*iiv(\s ar(^ us(‘<i in meat 

MACROSCOPIC STRUCTURE.- On Ihe out (‘r .side, the petiokhm 
a rounded angle, on the inner side near th(» l)ns(‘ a ehannel, narrower 
but dfH^per than that of ('(*k‘ry, with u iinnnhrannus rim wvf^ral iniili- 
ineiens wide (extending not only along the* .sides hut. also around the lop. 
These wing(‘d ehaniiels, (dasping alternalely oik‘ ov(‘r tin* other, form a 
fintdened enlarg(un(‘nt wliicdi is hlaneljtai by eov(»ring with earth. The 
IraJldH of the decompound leaves have no hroiideiuai Idaden, the lobes 
b(‘ing reduced to niero thrc‘a(is. 

MICROSCOPIC STRUCTURE. Petiole, hlxcept for the mem- 
branous rirn about the channel, the vjndmm of whieh eoiisist of longitud- 
inally (dongated cells without Htomuta, the striieture is practically the 
samc^ an that of celery. 

Leaf Blade.- The inidrih agrees in struettire with tin* petiole, 
Although exceedingly narrow, the* sulxii visions of tlie leaf have the 
same general bisiologieal eharaeter.s a.s c(*lery leaf. 

(hiiKF Htruotuhal ( 'HARA<‘Ti*:aH. Peti(d<* do<‘]dy olianiiolfd. 

I(‘tK reduced to threads. 

)ie structure similar to tliat (»f eohry. 

CELERY 

A piian (jnivt oh us L. 

Fr. ( V'leri. Sp. Apio. II. Sedamn tier, S<‘IIrri(*. 

I h'velopuH'nt of i’(‘l(‘ry, now a conunon and pt)puiar ndish vegetable, 
from a FurofX'an plant li.as taken place in <‘omi laral ivid.v rei'eiit tiiiKs. 
By hia'eding and sliidying .suitable soil arni eultur.'d requirements, tin* 
t(*xtun‘, flavor, and whiteness of the stalks leave been great Iv 

MACROSCOPIC STRUCTURE. I'be bl.aiuda-d. ei 
or leafstalk is ehamieled on the iniKU* side, e>|)eri:tl ly at the base. A 
row of hundli's is (*vident on the out(‘r surface as ridges arni upon briN'ik- 
iug as strings. Ilie eorupdund hdius have thret- tn M-veii baifhUs on 
pelioluk‘S of variable lengtli, tlie leaflets being t firee-h ihed (»r divided 
andtlu' broad divisi< ms irregularly lobed and toothed. Since the mat tin* 
green l(*aves are tough ami rank flavored, only the leaf .-talk and th(* 
y(‘llow iinrnatun‘ heart Ieav<'S an‘ (‘at(*n. 

MICROSCOPIC STRUCTURE. Petiole. Bet ween l he ri<lges Fig. 
70, I; i^’ig. 71) th(‘ cells of the h*irtr \tt\thr ] * pi*h nu .are striate, more 
or less isodian)(‘lrie, oftfui ttrraiigi'd in hingil udi nal rows; slomaia are 
nninerous. On tin* ridges III) the cells are transversely fdongated, 
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arianged side by side in distinct longitudinal rows; stomata are 
absent. 

Under each ridge is a narrow bundle of collenchyma cells. The cells 
of the mesophyl (Tig. 71) are medinm sized and isodiametric except 
about the fibro-vascnlar bundles and the oleoresin caTities where they 
are longitudinally elongated (mes), those immediately about the oleo- 
resin cavities being narrow and filled with granular contents. Oleoresin 
cavities are easily found in cross section because of these surrounding 
narrow cells. In longitudinal section they are seen to be elongated (pi) 
and to contain drops of volatile oil. In ihe fibro-vascular bundles of the 
older petioles broad (up to 25 pi), pitted (pi), and reticulated {ret) ves- 
sels, also spiral vessels (sp), often with several strands, are conspicuous. 




Fia. 71. 


Eig. 70. — Celery. I outer epiderm of large petiole between ridges; II o\^er promi- 
nent ridge. Ill outer (lower) epiderm of veiw young leaf. X 160. (K.E.W.) 
Tig. 71. — Celery. Elements of petiole in longitudinal section, mes mesophyl; 
ol oleoresin cavity flanked by elongated secreting cells; sp spiral, ret reticulated, 
and pi pitted vessels; p xylem parenchyma. X 160. (K.B.W.) 


In the bundles of younger petioles narrow spiral vessels predominate. 
Isodiametric or somewhat elongated cells and occasional stomata make 
up the epiderm on the inner concave surface. 

Leaf Blade.— Only the young etiolated leaves need be considered. 
The lower (outer) epiderm (Fig. 70, III) consists chiefly of wavy-walled 
cells and numerous stomata. A typical loose parenchyma, but without 
chlorophyl grains, forms the ground tissue of the mesophyl. The zylem 
of the fbro-vascular bundle is made up mostly of delicate spirals. 
Beneath the bundles oleoresin cavities are noticeable. Straight or 
slightly wavy-walled cells and stomata make up the upper (inner) 
epiderm. 

Chief Stritctura-L Characters. — Petiole with ridges on outer 
side, channel on inner side broadening at base. 

Lower epiderm over veins and ridges of transversely elongated cells 
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elsewhere of Lso<liaiiH‘t rie (jells int(*rs|Hjrse<i with sioriuita. ('ollenchynaa 
groups and bundles beiuNith the nd^en. VVas(d.s pitUjd, rtitieulated 
spirabreticuibded, and spiral; small spiral yessels fredoniiiiating in 
leaves and young pcMiol^s. ()Ieor(‘sin cavities in pcitiole and leaf blacJe. 

CHEMICAL COMPOSITION. Anaiyscja of the (jdible part of 
5 saniph's, as given by Atwater arid Jiryant, ^ an<l of one Ham pie each 
by V. H(!hl(nniU- and Ageaoilip'* also of {Kdiole, leavcH, and root (reml- 
eiilatedj Ijy Dnhlen,'* follow: 


Composition of Celeey 



Water 

Protein 

Protein, 

pure 

Fat 

N-f. ext. 

Fil>er 

Ash 


% 

% 

(f/ 

/v 

% 

% 

(1/ 

/ti 

% 

A. and 11: 







Min 

93.1 

l.D 


0.1 

3.0 

0.9 

Max 

95 .9 

1.4 


0 2 

4 

(\ 

1.1 

Aver. 

V. Bchleinite. 

94.5 

1K).M 

11 

* 1 . 34 

I m 

0.1 

0 27 

3 

5,H7 

3 

1 Ol 

10 

0.97 

Agcaoili 

92 .72 

1 , (if) 


i) ,32 

2, H!* 

0 HO 

1.56 

Dahlen: 








Petiole. . . , 

K9.57 

0 HH 


0 .3 4 

0,5(P 

1 .24 

1,41 

IjcavcB. . . . 

HI .75 

4 m 


0 70 

!) ««t 

I 40 

2.43 

iloot 

H4 (HJ 

1.4K 

1 o.< 


0.40 

I! ,79 

1 40 

0,84 


Nitrogen Distribution in Healthy and Diseased Celery. Klotz,"’ 
in studying tb(‘ infiii(‘iK*(* of AV/;/or/V/ leaf spf>i on coniposition, (lef(*rmined 
ih(t nitrogen distribution in h(‘altliy and dw'ascd sfalks. 


llt'alihy. 


Ain- 

Nifrir 

Xit nniK 

I iy<lr(>- 


H mitiit 

'I'ninl 

Pro- 

iiHitiiii 

V 

.N 

Ivzalih* 

nrnide 

V 

aiiiiiKi 

t4*iri 

N 

.N 

N 

N 

•> 

N 

N 


f 

r' 

f* 

/ V 

< ' 

^ * 

( ' 

/'f' 

0 

5 K 

iilwrit 

HH.8 

II 5 

9.<» 

47 , 1 

(17 H 

1 .1 

5.7 

prcwoil 

H4.1) 

11. H 

lO.O 

43 5 

72 0 


Volatile Oil. Sec ( Vlory S(‘ed, Vnluim* 111. 

* U. S. I)<‘pt. Agr,, ( ) 1 T. ivxp. St.'i- ItHHi, Hul. 28 r«*v. 
®Luri(i\v. Jtihrb. lUIH, 52 , lai. 

^ Philippine J. Hci. 11)10, 11 , iU. 

* baiKiw'. Jahi'b. 1K74, 3, 72.1. 

M. Agr. H<*h. 1025, 31,2K7. 
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Carbohydrates. — Wittmann^ found 1.60 per cent of pentosans. 

DaLlen ^ in petiole, leaf, and root found respectively : 0.62, 1.26 and, 
0.77 per cent of sugars. 

Obaton^ states that mannite occurs in all parts of the plant but is 
produced only when the chlorophyl grains are functioning. He deter- 
mined the relative amounts of reducing sugars, sucrose, and mannite 
in petioles, leaves, and roots during growth. 

Mineral Constituents. — Herapath,^ in the young shoots on the dry 
basis, found 16.27 per cent of crude ash containing 10.96 per cent of 
carbon dioxide and 14.49 per cent of pure ash. Richardson^ found in 
celery root (celeriac), on the dry basis, 12.59 per cent of crude ash, con- 
taining 8.08 per cent of carbon dioxide, and 11.04 per cent of pure ash. 
Analyses of the pure ash by the authors named follow: 


Composition op Cilery Ash 



E2O 

Na20 

CaO 

MgO 

FeaOa 

P2O5 

SO3 

SiOa 

Cl 

Young shoots 
Root 

% 

33-14 

43.19 

% 

19.33 

% 

13.06 

13.11 

% 

% 

% 

14.39 

12.83 

% 

1.18 

5.58 

% 

1.85 

3.85 

1 

% 

22.14 

15.87 

5.82 

1.41 




Minor Mineral Constituents. Iron . — Celery 7.7 mg. per kilo, fresh basis (Peter- 
son and Elvehjem).® Celery, 2 samples, 3.5, 8.0, fresh basis (Toscani and Reznikoff). 

Manganese . — Celery 22.7 mg. per kilo, dry basis (Quartaroli).® 

Co'p'per. — Celery, fresh 2, dry basis 21.9 mg. per kilo (Guerithault). ^ Celery 38.8 
mg. per kilo, dry basis (Quartaroli).® Celery 0.1 mg. per kilo, fresh basis (Lindow, 
Elvehjem, and Peterson). 

Arsenic . — Celery 0.2 mg. per kilo, fresh basis (Jadin and Astruc).^^ Determina- 
tions of arsenic by Ijongfield-Smith' 2 in 548 samples (some obviously sprayed) show 
a range from none to 0.2824 grain of As^Oa per pound (30.5 mg. of As per kilo) and 
near-ly 20 per cent of the samples contained more than 0.01 grain of AS2O3 per pound 
(1.08 mg. of As per kilo), the legal limit. 

‘ Z. landw. Versuchsw. Oesterr. 1901, 4, 131. 

2 Log. cit. 

3 Compt. rend. 1929, 188, 77; Rev. gm. botan. 1929, 41, 282, etc. 

^ Wolff: Aschenanalysen, p. 127. 

s Ann. 1848, 67, 377. 

s J. Biol. Chem. 1928, 78, 215. 

^ J. Nutrition 1 934, 7, 79. 

® Ann. chim. appl. 1928, 18, 47. 

3 Compt. rend. 1920, 171, 196. 

J. Biol. Chem. 1929, 82, 465. 

Compt. rend. 1912, 166, 291. 

Plorida Agr. Exp. Sta. 1932, p. 35. 
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HONEWORT 

Cry'pt.otsenia Canadensis DC. yav. japonica Mak. 

Jap. Mitsuba. Chin. A.sp-ye-kan. 

As the Latin name denotes, the type of this species is ii native of 
the Western Hemisphere where it is regarded as of no economic value. 
The edible variety, according to M. Ivoncio, ‘ grows wild in ( liina and 
Japan and is much cultivated in the latter country as a garden vege- 
table, the young, tender, aromatic leaves and stems being eaten cooked 
or as salad. 

The following brief description of the leaves is bastal on an exami- 
nation of wild material gathered in Wilton, Conn. Kondo Ints fully 
described the structure of the fruit and seed. 

MACROSCOPIC STRIJCTIJRE.- The of the trifoliate leaves 
are ovate, up to 9 cm. long, pointed, twice serrat(‘, on a long peliole. 
Kendo’s illustration of the variety corresponds with this (I<‘seription 
except that the leaflets are not so point ed. 

MICROSCOPIC STRUCTURE. Petiole. As in other nieinlx^rs of 
the family, the hypoderni is collerichymatou.s, the Jibn^-vusnihir bundles 
have starch slHUitJis, and the mrsophyl contains oleoresin (*avitk*H. 

Leaflet.- both cpidenns hav<i nunv or less polygonal ('(dls whicdi on 
the lower surfac(^ are often wavy-walled. Stomata arc‘ uuiihm’ouh. 
Over the midrib of the loircr cpiderm arc* oceasionid papilhe wiiitdi are 
almost long (enough to be d(*sigiuite<l as hairs. 

Ciiinr BT!incTUHA.L( Iharactiors.— L eaves trifoliate with longpcitiole.s; 
leaflets twicui serratf*. 

Lower epi(l(*rni with ptipilhe; me.sophyl with (d(M)resin cavities. 

CHEMICAL COMPOSITION, ('hung and It i[)pert orr* giv(* a 
singles analysis of ii<)n(‘Wort ciiltivaU'd for the local iiiarkt*! in Hawaii: 

C 'oMJ’o.srrioN oc II(>ni-:vv( J icr ann'.v<j and H ii'iOiH'KiN) 


Water 


Fat 

i 

.N-f. «*\t, 

mMii 

1 ‘ 

‘j 

1 0 2a 

i 

1 

4 :n 


Mineral Constituents. 'Die above-named iiuthors found enleiniii 
0.114, iron O.Ol lO, ami pho.'^phorns O.Otll jhw <'ent; :il>o alkalinity of 
ash, ('al('ulat('(l ;i.s cuhi<‘ centimeters of iiorrnal mad [xt iOl) gr.nms of 
flash v(‘g(dal)le, 2.‘ktL 

' B. Oiiiiia IiiHt. L;iii(lw. Forwli. 1010, 1, -iHi. 

2 Hawaii .-Xgr. Kx|). Sta. 192U, Bid. 60, 
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PAHSIEY 

Fetroselimm sativtim'Koflm. = A'pmm Petroselinum L. 

Fr. Persil. Sp, Perejil. It. Prezzemdlo. Ger. Petersilie. 

From the wild plaat growing about the Mediterranean Sea, strains 
of parsley have been bred in comparatively modern times to furnish on 
the one hand an edible root, similar to the carrot, and on the other hand 
beautifully lobed and curled deep green foliage valuable alike for flavor 
and garnish. 

Haitwieh ^ and other German authors warn against planting any but 
the curled variety (crispum (Mill.) DC.) since the leaves of the poisonous 
^thusa Cynapmm L., which grows wild in central Europe, are easily 
mistaken for those of the non-curled variety. 

MACROSCOPIC STRUCTURE. — Curled parsley differs from the 
wild form and the variety developed for the root in having the leaves 
two or three times decompounded and the lobes curiously bent toward 
the inner side—the side corresponding to the grooved side of the petiole— 
so as to give the whole a mossy appearance. For example, in the two 
lower of four pairs of branches from the midrib of a specimen examined, 
secondary and tertiary branching of both the midrib and the leaf blade, 
a total of six divisions, was evident; in the third pair, however, only 
secondary and in the top or fourth pair only primary branching was 
clearly defined, the lobing being the same throughout. Branching and 
lobing to such an extent, coupled with the considerable breadth of the 
lobes, necessitates curling to avoid overlapping and to bring each lobe 
into the sunlight. This is especially important when the petiole and 
the branches have not reached their full length. 

It frequently happens that the lower pair of secondary branches of the 
petiole, particularly those belonging to the second pair of primary 
branches, instead of being some distance from the petiole arise directly 
from it, making the number of primary branches at this point apparently 
six instead of two. Such an abnormality tends also to bring the leaf 
blades closer together, necessitating greater curling. The obtuse ends 
of the ultimate lobes, compared for example with the parted lobes of 
carrot leaf, contribute further to the crowding. 

MICROSCOPIC STRUCTURE. Petiole (Fig. 72 ; Fig. 7:^ 1).— 
The cells of the epderni are longitudinally elongated, especially over the 
ridges. Stomata occur between the ridges. Acollefichynidbrnulh (Fig. 72 , 
col) is present beneath each ridge. Between the colleiichyina bundles 
the rnesophyl contains cliloropliyl grains (c/z), but further inward the 


Real-EnzyM. ges. Pharm. Berlin, 2. Aufl. 1008, 10, 141, 
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cells (mcs) luivo onlj colorless conttmts. Adjoining fhc> oufc^r side of 
each fibrovjisculnr bundle is a longjitudinallj elongatc^d ulronmn cavity 
(ol) containing drops of volatile oil. I^lacli filmHmmdar bundle consists 
of a group of spiral, annular, reticiilaied, and spiral vessels (xy) with 
phloem (ph) on the outer side and a ring of bast tibc*rs about the whole. 

Leaf Blade.— The lower (outer) epUhrm (Fig. 7:i, II) })etween the 
veins consists of t.hin, wavy-walled, isodiiirnetric colls and nunioroug 
stomata, niany with horns. On the veins the c(dls are longitudinally 
(dongated, with straight beaded walls, and storruita arc absent. Short 
papillae occur over the midrib. Typical 1 ooh<‘ eblorophyl parenchyma 
forms t.he ground tissue of the memphyl Fihro-mwculnr hundleR, with 



Fro. 72. FifJ. 7;i. 


Fi(#. 72. -Farslcy, V<‘i\v nmall pciinN* in cro.'-s ion. ip (‘piilcrni with .s/a sfoiiia 
})('tw(‘f*n rider’s; rol colli •ndiymn in riiia*'; I'h chh jriipliyl-curil .'lining incNopfiyl 
Ix'twccn ridges; ol olcnrcsiri cuvify; fnts <’ol(>rIc.KK i lu-ynphyl ; ith |ilili)cm; xy 
xylcm. / I(X). (K.H.W.) 

Fio. 73. "Parsley. I onU-r cpidenn of pcfiolr; II lower ciiiticriu of h uf. >1 
n( left clnrif':il ion of ccib < vein . • IfiO. tK.H.W'J 

mostly spiral and annular ve.ssels, form tli(‘ niaiii ti.s-^uf' of the* veins. 
()lc(>rrio)i rurities, .siadi as occ’ur in the petiole, aceotnpaii v the bundles. 
'rh(‘ upper {iufU'T) epidrrm is likt^ tin* lovau* (‘pidenii e\(>cpf that the 
wtilis are not (piitf* so wavy. 

Chikf ^Tiiia’TruAL ( 'nAit.^eTKu.s. ' I/(‘av<‘.s piniiatelv doer niipouiHled; 
much branch(‘d, lohed, .ami (Mirled. 

I'lpidc'rmal cells of petioh* tmd v«dns of leaf longitudinally eloiigatcni, 
t}i()S(^ l>etw(‘en th(‘ vtdns f>f kaaflets isodiaimdrie, wavy-w.alleil; .stomata, 
oftcui with horns, b'ihro-v.ascular bundles of petiole and veins with 
mostly spiral and tiniudtir vtnsstds; bundle surnuirided !)y hast fibers. 
Oleorc'sin caviti(‘s on phloem sid<' of bundles. .Me.siipliyl of ly|)ieal 
ehlorophyl ctdls. 
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CHEMICAL COMPOSITION.— AgcaoiEi gives the following anal- 
ysis of parsley: 


Water 

Protein 

Fat 

N"f. ext. 

Fiber 

Ash 

% 

% 

% 

% 

% j 

% 

85.7 

3.82 

1.39 

4.82 

1.52 

2.75 


Volatile Oil. — See Parsley Seed, Volume HI. 

Minor Mineral ConsHttieats. Iron. — ^Xeaf, 2 samples, 192 mg. per kilo, fresh 
basis (Peterson and Elvehiem).^ 

Copjper , — ^Leaf 2.1 mg. per kilo, fresh basis (Lindow, Elvehjem, and Peterson).® 


Philippine J. Sci. 1916, 11, 91. 
2 J. Biol. Chem. 1928, 78, 215. 

» Ibid. 1929, 82, 465. 



LEAVES AND STEMS OF THE MORNING-GLORY 

FAMILY 

{Conwhulaneir) 

8 wamf ('ABBACiK IK a 00111111011 orioiitai loaf ahlo linloriKing to 
the Huriie family as tlie Kweet potato doHcrilKai under Root V'ogetables. 

SWAMP CABBAGE 
fponiaa rcpldin^ Poir. H f 
(’hill. X'li^-ohoi. 

Swainp cabliago is Kialod lo bf* a iiativo of indi.-i. ( 'iiiiiifr and Rip- 
pprton’s illustralion and doKcriplioii of tlH‘ plani as found on the 
Hawaiian niarkni’ oorrespond wi(Ii the vegefnbio !»oujj:hf in Xcr York 
(diiiiatown by t he writers iiiHlfTthe name of huiKj^-fai , whicdi phonet- 
ically is inueli lik(‘ umprhni. 

MACROSCOPIC STRUCTURE. Thv fnihuviriK is Iki.sinI on Chung 
and Hipp^’rloiTs d(‘sori|)l ion. XVr/// light ynllowdsh Ki*eon, up to I ern, 
in diainetiu', with hollow internndf^s and oflon white roofs about the 
nodes of the lower subin(‘r^(*<I part of tin* plant, /'fuj light greon, thin, 
smooth, oval e-(*ordnt(* or sagiltati*, up to It) oiii. long;. 

MICROSCOPIC STRUCTURE. Leaf, lioth <pnhnNs an' prae- 
fieidl.v alik('. T’Ik' r^'lls are small, t hiii-vvalled , and isodi.atnet ri(\ except 
ov(a’ the v('ins where th(‘y a re elongated with >t rial cd (Mitiele. NumiTouH 
stomata and small capitate* fiairs are also present, 'Hk* he.'ol eel Is of 
tli(‘ hairs vary in number up to twelvi* or more, d'lie mi rn p/ijp is ehiir- 
ae.terh'ss ('xeept feroxalate rosel tes oia'urri ng hen* and t here, especially 
rif'ar llu' hig V(‘ins. 

CHEMICAL COMPOSITION. 'I’be sani[»Ies represented by the 
*‘inalys('s in tli<‘ following table wei’e collected .-irid analy/.ed hy Age.aoili- 
iii the rhi!ip[)iries, Sherman ami W ang ' in Peiping, and t 'hung and 
Ripperton'Hn Ilawtdi under <lifferent foreign name>: 

* Hawaii ,\gr. P.xj). Sfa. tn'gff. Hoi. 60, 

^ Ph ili|i|,irii‘ ,f , Sei. 1 Pi fj, 11, ‘)1 . 

" Ibid. IDL'!!, 3S, U'.r 

“* Hawaii .\gr. ^>.xp. Sla. H)2!), Hoi, 60. 
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Composition- of Swamp Cabbage 



Water 

Protein 

Fat 

R-f. ext. 

Fiber 

Agcaoili: 

% 

% 

% 

% 

% 

Cancong . 

S. and W.: 

89.70 

4.25 

0.04 

3.64 

0.70 

TTmgr ts’ai 

C. and E.: 

93.39 

1.19 

0.29 

1.19 

1.11 

Ung-chm . 

92.26 

1.94 

0.14 

3.31 

1.13 


Mineral Coastituents. — Chung and Ripperton ^ found calcium 0.077, 
iron 0.0032, and phosphorus 0.064 per cent; also alkalinitj^ of the ash 
14.3 expressed as cubic centimeters of normal acid per 100 grams of 
fresh vegetable. 

iLoe. cit. 



LEAVES AND STEMS OF THE BORAGE FAMILY 

{Boraginacetx') 

Althoikhi this family claims wovcral well-known drug plants and 
ornamentals, only onej sp<icieB, borages, is worthy of nuaition as a food. 

BORAGE 
Borneo officinaliH L. 

Fr. Bourrache. Sp. I^orraja. It. Boragine. ikr. liornitsch. 

Only very young leaves of borage, a Meditc^rranoari plant- (*aten raw 
and cooked, are edibk^ an<l thf‘so un‘ ofiem so hairy as to sugge^Ht. green 
velvet. The plant can boltcT lay olaiiu to being an indirect human food 
as bees delight- in th(ushowy blue flowers. 

MACROSCOPIC STRUCTURE. The* /rcrr.s- an* oval-laneeolate, 
crenate, and irregularly toothed. Tht‘ vadns form a K«Ti(‘.s of loop.s near 
t-he margin. Hairs are miincrouson both .si<leH, iK'ing longest on margins 
and veins. 

MICROSCOPIC STRUCTURE, /ai/rs* arc* long (up to^i mm.), 
straight, thin-walled, warty, gradually (apeuang from the hasf* tf) the 
apex. T1 h\v luc' usually, if not always, unirel hilar siiu‘e wiiat appear 
to b(i cross partitions at plae<‘s \vh(*n‘ th(*re is .an aeeiimulal ion of pro 
toplasniie rnatUu’ are {haiblle.ss only folds in tin* walls. About the 
globular base? the rpidrrnnil /v7/.s form an elevation. 

(biiioK S'nu'e'iTRAi. ( 'if A U/U''rK US. Leji ve.s oA-al-lanceolate, hairy. 

Hairs up to rnm., straight, tafieriug, tliiu-walleil, wart y. 
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LEAVES OF THE VALERIAN FAMILY 

(Y alenaTiacese) 

This family, to which belongs Talerian, a well-known root drug, is 
represented among food plants by eorn salad. 

CORN SALAD 

Valenamlla olitona Pall. 

Fr. Blanchette. Sp. Valerianilla. It. Dolcetta. Ger. Stechsalat. 

The plant, also known as fetticus and lamb’s lettuce, is a weed in 
European grain fields but has been improved by cultivation. One 
variety produces compact heads. 

Italian corn salad (F. ericcarpa Desv.), a native of southern Europe, 
has slightly toothed and more hairy leaves than the northern species. 

MACROSCOPIC STRUCTURE . — Root leaves (the only edible part) 
of the common variety are spoon-shaped with entire margins and several 
parallel veins connected by lateral branches. To the naked eye they 
are practically smooth. The flowers are small, bluish white, and borne 
in terminal cymes on leafy stalks. 

MICROSCOPIC STRUCTURE. Leaf.-— The cells of the lower 
epiderm (Fig. 74) have much more wavy 
walls than those of the upper, the turns 
being often angular. On the veins they 
are elongated and finely striate. Multi- 
cellular hairs (f) occur over the whole 
surface of the young leaf, less often on the 
veins, collapsing or disappearing during 
further growth; the stalk consists of one 
or two cells, the cap of several cells, all 
with thin walls. Short, broad, blunt, 
thin-walled, faintly warty unicellular hairs 
(P) occur chiefly on the veins. The meso- 
phyl is characterless. The cells of the 
upper epiderm between the veins are nearly 
isodiametric with thin, somewhat wavy walls. Stomata are numerous, 
sometimes two being in contact, but hairs are less abundant than on 
the lower epiderm. 



Fig. 74. — Corn Salad, lower 
epiderm of leaf in surface 
view. left, between v^eins 
showing stomata and niiil- 
ticellular hair; right, over 
midrib showing unicellular 
hair. X 160. (K.B.W.) 
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Chikf STKTffTiTRAL ( 'ha nACTKiiK.-^IiOavas ppooii-sliapful, with gev- 
eral parallel veins. 

Kpideniial cells with wavy walls; sf.(Mnatii nuinemus; hairs partly 
small, weak, nnilticellular, capitate, partly broad, l)lunt, faintly warty, 
unicellular. 


CHEMICAL COMPOSmOH.-' Dalilen^ fcHiml the fellow 


Water 

Protein 

P’at 

N-f. ext 

»Sup;arR, 

reducing 

Fiber 

Ash 

% 

% 

% 

% 

O! 

/O 



93.41 

2.01) 

0.41 

2.73 

trace 

0,57 

0.79 


Minor Mineral Constitnents. Zinc- I>rav<‘H 5.4 rup;. jmt kite, frwli 
trand and Benzon).® 


w. Jahrb. 1874, 3, 723. 

* Bui. soc. hy^. aliment. 1P28, 16, 457. 



LEAVES OF THE COMPOSITE FAMILY 

{Com'positd) 

The salad vegetables of this family belong to the tribe Cichoriacese 
(Ligulifiorse) f to which tribe also belong the commonest composite root 
vegetables. Of these, lettuce (Lactuca sativa L.) is by far the most 
important, although endive {Cichorium Endivia L.) and chicory (C. 
bus L.), which includes "witloof and barbe de capudn, are highly esteemed. 
Leaves of the dandelion (Taraxieum officinale Weber), when bleached, 
are suitable for salad, but ordinarily, without bleaching, are used only 
as a pot herb. The edible part of cardoon {Cynara Cardunculus L.) 
of the tribe Oynarese is the fleshy midrib. 

COMPAFATIVE MACROSCOPIC STRMOTmE.— Leaves of the 
different species vary greatly in form and crinkling, but in general 
lettuce has broad, entire leaves and the other species narrow, lobed, 
toothed, or, in the case of cardoon, spiny leaves. All have prominent 
succulent midribs which form a considerable part of the edible portion. 

COMPARATIVE MICROSCOPIC STRXJCTXTRE.-As in composite 
roots, latex tubes, accompanying the bundles, are the characteristic cel- 
lular elements. These, as well as other wiesoyhyl tissues^ differ little in 
the various species; the epiderms, however, especially as regards the 
hairs and emergences, show some marked points of difference. 

In all the species, the epidermal cells over the midrib and veins are 
longitudinally elongated, with straight walls, whereas those between the 
veins are isodiametric with wavy or irregular walls. The epidermal 
cells of lettuce are as a rule larger than those of the other species. 

Jointed hairs occur on the upper (inner) epiderm of all species and 
on the lower (outer) epiderm of all but lettuce. The end cells of these 
hairs in dandelion are commonly larger than the others and in cardoon 
very much longer. Emergences or emergence-like hairs are found on the 
midrib and veins of the lower epiderm of lettuce and endive; spines are 
present on cardoon at the tip of each lobe of the leaf. Capitate hairs, 
with double row of cells, are characteristic of lettuce and cardoon. 

COMPARATIVE CHEMICAL COMPOSITION.— The usual proxi- 
mate analysis is of little practical value. It fails to take account of 
latex, the characteristic constituent of composito leaves and roots, and 
tannin substances to which over-developed lettuce, endive, chicory, and 
dandelion greens owe their bitter taste. 
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LETTUCE 
Ijictiicd .sativfi L. 

Kr. r.aitu(‘. Sp. It. Luifuga. (lar. Lailtieli. 

Tii(‘ {ipp(*arH to Ix^ concluHivo that ganhai kHlueo was 

(l('riv(‘(l from th(‘ .sf)(‘ci(*H L. Scarida L. which grown wiki in Mtniral and 
soudicTii iMiropo, iiortlH^rn Africa, and wcntcrn A.^ia. If wan grown by 
fh(^ (}r(‘<‘ks ami KoinanH ixTorethc ChriRtiancru and according to liein- 
hariUd in IVrnia in the nixtli century n.c. but wm not intrcHluccd into 
tluj Orient, aeccmlirig to BrctHchiioidcr,^ until ccnfuricH laler. 

The nunieu'ouH varieticH in common cultivation arc grouped as 
(1) common ami (2) cob or rornainc Icttuca*. Two other groupa— cut- 
leaved and narrow-leaved-"" are of 1o.sr importance. Kondo*'* Htaies that 
the native Japanene varietien are not nuinenaiH, the b*«t known teing 
kakiteMscha. In common lettuce the hfuiclB may lx* Ioo.mc or compact 
(‘^ butterhoad ”j. In all varndieB it is the? mmib nast k^aveg that are 
eaten. When the Htalk niiiB iij) to He^^d, the Imivcn an^ diHiigrcoably 
bitter and iiIho tough. 

MACROSCOPIC STRUCTURE. All variotioH have pinnately 
veined, obovate Iravn, tlie niidrih Ixdng very prominent, and thes veinn 
or {jrimary branelies from tfa* midrib prewrve their identify for a con- 
Ki(l(‘rabl(‘ di.Mtaiie(‘ in flic* middle* at leant two-thirdn of the diHtancci to 
tlie (‘dge Ix'fore they an^ lo.nt in the (tohb branehing. Ix*avc‘H of varie- 
ties of eoninion lettuce vary grcaitly in color light to dark gr(*en, rnot- 
tkal with hnnvn or purple, ete. .size, te.xture, nature of margin, and 
degree (if crinkling. The chief <ii.stinct ions of ons from eonimon lettuce 
an* that the k'avesare longer, narrower, .stifTor, ami nmn* erect, further- 
more tlu* hea<lH an* eluh-HhaiM'd. The mkiril) in very prondnent, the 
nerves and n(*rveletH are nuinerou.s, and the ret ieulnt ions an* distinct. 

A fresh hnatk or cut through (he niidrih eau.'-e.s the wliite latex to 
e.xiid(‘ in drops. This is latter to tin* taste and when dricti eon.stitutcH 
ladumrum {k‘ttu(*e opium) wliieli, although oht ain.'ihfi* from ufi varie- 
ties, is UHimlly pr<'p!ired an a drug from L. vium. 

MICROSCOPIC STRUCTURE, (’oinmon leftuee, both J(><).^(*“leaf, 
and eornpaet head, and cos lettuce re.'^erntik* eaeh other so rksfdy that 
one de.scription, with exceptions noted, suffiees. 

Leaf. The rpiihrmH fFig.s. 7.o and 76) consist of fl) Minuous- or 

straight -walled ccdls, (2) iiuni(‘rous round stomafa, CU hairs, and in 

* KullurKeKrhichfc tier Nulzpflaiizfii, I!»1I, 4, 

® Stud.y nod ValiK; of CtiincHc Botunical Workw, I’uofhou', IH70, p. 17. 

® ikir. Ohara. Inat. landw. KorHch. lOlP, 1, 4Igh 
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most varieties (4) stiff emergences on the under side standing out a,t 
right angles to the midrib. In brown or purple varieties the color is 
in solution in the epiderm. 

Two kinds of hairs are present: (1) small, thin-walled, capitate, 
with cells of head and stalk in 
two rows (f ) , found on both 
outer and inner epiderm; and 
(2) very long, jointed, often 
more or less shriveled, found 
only on the inner epiderm (Fig. 

75). In the hard center of 
compact head varieties, this 
second type of hair may be 
branched, the attachment of 
each succeeding joint being 
just below the apex of the 
preceding one. The cells on 
the very edge of the leaf often 
extend to form small papillae 
but not true hairs. Blunt pointed emergences (Fig. 76, t^), varying 
greatly in size, are so large on cos lettuce that they may be seen with 
the naked eye. The epidermal cells of an emergence are thin- walled 

and usually more or less 
elongated in the direc- 
tion of the axis. 

A mesophyl of loose 
chlorophyl- bearing pa- 
renchyma forms the bulk 
of the leaf tissue. Near 
the midrib and veins 
the cells are elongated 
longitudinally. No 
sharply differentiated 
palisade layer is evi- 
dent, although the 
mesophyl cells adjoin- 
ing the inner epiderm 
are in closer contact 
and slightly elongated. 

As seen in cross section of the midrib, the fihro-vascvlar hnndles 
(Tig. 77) are arranged in a semicircle along the outer (lower) side with 
xylem toward the inner (upper) side. They consist of (1) xijlem with 



Fig. 76, — Xettucc. Lower (outer) epiderm of leaf 
in surface view, iep sinuoiis-walled cells between 
vuans and stomata; capitate hair and small 
c 111 ergon CQ arising from elongated cells over midrib. 

X 160. (K.B.W.) 



Fig. 75 . — ^Lettuce. Upper (inner) epiderm 
of leaf in surface view showing sinuous- 
walled cells, stomata, and straight-walled 
cells near midrib with capitate hair and 
partially shriveled jointed hair. X 160 . 

(e:.b.w.) 



208 


Vi<r;F;i\\BLEH 


annular {an)^ ^?piral isp), nMicuIaF^i (rW), ami scalariforrn (.v) vessels 
in riKiiat.in^ rows, (2) phlorm with sii'vo tuk‘s (.v) evicienl without H|>ecial 
treatment, purrurhyma (/;,), (4; vdicnrhyma rvUs iml) in a (rroup 
outside of <h(‘ si(‘V(‘ tula*s, (a) aiiastoinosiiifi; hitri fuhrs (1) rf‘j^ularly 



h i P col sc pan sp nt sc p 

Kid. 77.— Lft.liiff'. Va.H(*uIar huritih* of 
miilrilj in kaigitmliiuil hn biindU* 

Hiifuiii; I latex lube; p pni’ciiclivina ; n>/ 
eollundiyiiui ; a (ubi'.s; r uijpaiiiou 

cirllrt; an uimulur, /■< / 

uiul Av Heinrifunii V(’s.si*Is. / H>0. (K.H.W.) 


arranged laitsitfe of collenebjina 
juHt within (Oj tlio bundle dimth 
(b.s) which surroumls the whole. 
(‘hikf HTiinTritAL C'hak- 
■Leaf ofjinnite, vari- 
ously marginal, often crinkled; 
midrib prominent. 

Botli cpideniiH with large, 

bd.wtHm veins, Htraight- walled, 
(ioiigatial ceils on veirm and 
midrib, and two-rowed capitate 
hairs near viiriH and midrib; 
outi^r epith‘rm with emergences 
on midrib; inner epiderm with 


jointed linirs, .\Ieso{>hyl of 


chloro{)hyl pariuicliynui with fihro-vascular bundles acemnpanied by 


eollemipyrna. and lat<'X tidies; ves.'^el.s large and small of various 


tyjK‘S. 

CHEMICAL COMPOSITION. The amily.*s-s reported by Ihdiard- 
son,' as given in Ihe tahh* on the f<iih»wiiig pnge, ^Ilnw in tin* later 
slag(‘.s not only a (bs’rease in water conh-nt but alsn an iin’rea.'^e of 
nit rugen-free exlrart ami fiber in tiie dry matter at tin* expeii.si* 
of protiin, fat, and a.^li, the leaves being (Mniseipieni Iv tough ami 
fibrous. An anai.vsis l>y v. Siiihanitya- ami one l)V <’hung ami 
liippertoir* of loose-head Blaek Seeded SinipMUj gi'ow o iu Hawaii 
are also included. 

lufluence of Soil on Nitrogen Content. In e\|ieriineiit.s on the 
pfU’cciitages of nitrogmi in tops ami roots of loa'id lettuce grown in the 
gretudiousc*, Noyes^ found that 1 hi* nitrogen rontent of the t ops dilTcrcd 
both with tlu* soil and the fertilizer and tliat the same fcrl ilizer prodiirisl 
diflerent. (dTe(*tH with dilTcrent soils. In hank sand theavau'agc idtrogiui 
in th(‘ air-dry tops was 2 . lb per lauil with a variat ion of D.Oo piu’ cent, 
in liank sand and manure mixture it was ihiiS percent with a variation 


‘ tb S. I><!pt.. .Agr. liejj. p. 241. 
’ Landw. Jahrb. lUIK, 62, L'il. 

■' Ilnvvaii Ai^r, Kx]>. 1020, Bui 60. 

M. Iiiii. Kiig. Chein. lUlH, 10, 0*21. 
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of 0.41 per cent, and in brown silt loam it -was 3.75 per cent with a 
wariation of 0.66 per cent. The average water content in the fresh 
tops for the three soils was respectively: 90.5, 90.9, and 92.5 per cent. 

Composition op Lettuce 



Weight 

Water 

Protein 

Fat 

N-f. ext 

Fiber 

Ash 

Richardson : 

Entire plant : 

May 18 

1 

94.39 

1.47 

0.30 

1.80 

0.55 

1.49 

June 9 

96 

95.02 

1.15 

0.34 

2.03 

0.41 

1.05 

June 26 

256 

94.59 

1.45 

0.37 

1.69 

0.84 

1.06 

July 3 

266 

94.31 

1.42 

0.46 

1.88 

0.99 

0.94 

July 14 

287 

91.50 

1.82 

0.60 

3.77 

1.09 

1.22 

Stem: 

July 28 (41%). 

to 

88.46 

0.88 

0.65 

6.15 

2.68 

1.18 

Leaves: 

July 28 (59%). 

287* 

86.28 

2.27 

0,95 

6.22 

2.57 

1.71 

V. Schleinitz ....... 


95.43 

1.43+ 

0.24 

1.59 

0.54 

0.77 

C. and R 


95.94 

0.97 

0,11 

1.56 

0.58 

0.84 


* Whole plant, t Pure protein 1.10%. 


Acids. — Results on organic acids, as determined by I^Telson and 
Mottern/ are as follows: oxalic 0.011, l-malic about 0.065, and citric 
about 0.048 per cent. 

Mineral Constituents. — The following analyses reported by Wolff ^ 
and by Haskins^ are of interest, although it is uncertain as to the exact 
meaning of ‘^common '' and head.'' Tor comparison with the first 
analysis, the second should be multiplied by 2 since the lettuce contains 
twice as much dry matter. 


Composition of Lettuce Ash 
(Parts per hundred of the fresh material) 



Water 

K2O 

NaaO 

CaO 

MgO 

P2O, SO3 

Cl 

Common (Wolff) 
Head (Haskins) . 

76 

94.0 

97.0 

0.37 

0.23 

0.08 

0.02 

0.05 

0.03 

0.02 

0.01 

0.07 0.03 

0.03 

Vu 

0.13 0.04 


1 J. Am. Cheni. Soc. 1931, 53, 1909. 

2 Aschenanalysen, 1889. 

^ Massachusetts Agr. Exp. Sta. 1919, Spec. Bui. 
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VKCJK'I’ABLKS 


In hiituce grown in Hawaii, cumtaiiiing 4 |)«t cent of drj nmiter, 
Olmng and Rippnrton ' found ealriuiii 0.028 ptr (( ’id) O.M) part per 
thoiisand), piiospiioniH 0.022 per cent (ly ir, 0.5(1 pmrt per thouHiind),ani(i 
alkalinity of ii.Mh O.H in tcrniH of cubic c<ni(ini(‘l4TH of iiorinal ackl per 
lOO grains of frwh vcgctaldc. 

Minor Mineral Constituents. Iron. I^*avf‘H3 mg. ikt frwli hfww ftSher- 
rnari).* Lciivch, U Hariifiltw, 423 to aver. 2110 aig. per kib, dry biww Clt<‘niinff. 
ton Hiul Sliiv<‘r).‘^ Loivm nig. per kib, frmh biwin {(bung niid 
head 4.2 nig. per kilo, fresh Imikih (Feterttoii iind Wvi'fij'* 

9,0, I2.H, head, 4 

off) 

Aluminum. —Hand ll.S mg. fjer kib, frenh Inmia (rrnbrliill, IVtcrnifin, (how, 
find Krause)-’ (Iroeri Icfives 2(>C), heart 100 mg. |>f»r kilo, dry hiwis (ikTfrand and 
I/wy).« 

Mmffunese.‘-~lj>eHvm 3.02 mg. |>er kilo, dry ba#tiH CQimrtaroli ), * l^itvw, H wimpleg, 
f)B.2 to If55.2, aver. 118.4 aig. pfir kilo, dry bawia (Roniington and Hhiver).* leaves 
107 mg. i>er kilo, dry haflis (Feferaon and SkinxM'r). 

C(/pper.—ljetiveH 39.3 mg. jHa- kilo, dry basia, (•qiiivnlimt to 2.(K) frenh basis 
(Gudrithault).** beavoK 40, romaine 14 rug. per kil«>, dry basis (Miu|n«*riiie and 
DernouBsy).’^ Ix'avcH, f> Harnplcs, fi.l to aver. 10.8 nig, {mt kilo, firy f^aeis 
(Ilemingtori aiul Hliivi^r).® bntvoH, 2 Hum pies, 0,9, licad, I winipde, 0.4 mg. {K»r 
kilo, fresh fMisia (bindow, Klvelijcrn, iirnl IVUtwhi),*^ 

Zmr. — CkhbagC'leitiiei* ienvcH 4.7, liomnirir lettuce Iciivea l.Xmg. jxTkilo, fre«h 
basis (Bertrand iiihI Heriicoii). I^*lfuer*5,l to H,9 mg, |ht kilo, dry bjisiH (Hubhell 
and Mendel)."^ 

/ofh'nf. —Frm^ut in head lefttuec (WiitterHiein),** 


’ Hawaii .\gr. Kxf». Stii. 1 920, Hal. 60. 

’ H. fS, Ih'pt. Agr., Off. bxp. Sta. H)l)7, Bill. 186 
M. Ahh. Off. Agr. Cherii. BJ.BO. 13, 129, 

* I/oe. eif . 

M. Biol. Chein. 1B2.M, 78, 213. 

M. Nutrition lim, 7, 79, 

’Am. ,1. I’hvHinl. 1929, SO, 72, 

^ Hill. HOC. hyg. aliment. 1 ‘)31 , 10, 339. 

® Atm. chiin. ap[d. 1P2S, 18, 47. 

.1. Natritiori 1 931 , 4, 4 19. 

” C'oinpt. read. 1920, 171, 19t>. 

Ibid. 1920, 170, K7. 

.1. Biol. Chem. Vm, 82, 405. 

**Bul. soe. hyg. aliment. H!2H, 18, 457. 

‘M. Biol. Chem. 1927, 76, 537. 

‘®Z. physiol. Chem. 19m, 104, 54. 
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ENDIVE 

Cichorium Endivia L. 

Fr. Escaxole. Sp, Esearola. It. Indivia. Ger. Endivie. 

Two kinds are grown as Autumn salad plants, the curled (chicor6e 
crdpue) and the broad-leaved Batavian (escarole). Both, in the opinion 
of some botanists, are cultivated forms either of C. divaricatum Schousboe 
{€, 'pumilum Jacq.), which grows wild in the Mediterranean region, or 
else of some other parent species. 

Although often somewhat bitter, the flavor is usually acceptable. 
The leaves are firm hut not tough. By tying up the head the center 
is blanched, which adds greatly to its appearance, flavor, and texture. 

MACROSCOPIC STRUCTURE. — Primary, secondary, and tertiary 
lobes of curled endive are so deeply cut or parted that the white midrib 
forms the chief part of the leaf. The ultimate divisions are sharp- 
pointed and the whole leaf is much curled. The firmness of the leaf 
is due partly to the preponderance of midrib and partly to turgescence. 
Broad-leaved Batavian endive has a greater proportion of chlorophyh 
bearing tissues which on blanching are yellow. 

MICROSCOPIC STRUCTURE. — Only the palatable inner blanched 
root leaves are considered. 

Leaf (Eig. 78) . — Over the midrib and veins (I) both epiderms consist of 
(1) longitudinally elongated cells with beaded walls, (2) narrow, jointed 
blunt, thin- walled hairs, and (3) 
emergence-like hairs with several 
rows of striate cells at the base. 

Eetweenthe veins (II) the cells are 
isodiametric with more or less wavy 
walls, and only jointed hairs are 
present. On the margins occur short 
emergence-like hairs, often as broad 
as long. Stomata are present except 
over the middle of the midrib and 
veins. 

The mesophyl consists of chloro- 
phyl cells of the usual type, fihro- 
vascular bundles with vessels largely 
of the single or double spiral type, 
and branching and anastomosing latex tubes accompanying the phloem 
of the bundles. 

The npper {inner) epiderm is similar to the lower. 



Pig. 78. — Endive. Lower epiderm of 
leaf in surface view. I over vein 
sliowini^ jointed and emergence- like 
hairs; II between veins. X 160. 

(K.B.W.) 
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Chiep Steuctijeal Chaeactees. — Lea-ves with prominent white 
midrib and curled or flat divisions. 

Epiderm over ribs and veins of elongated cells, jointed hairs, and 
emergence-like hairs; between ribs and veins of isodiametric wavy- 
walled cells, jointed hairs, and stomata. Mesophyl with bundles, con- 
taining spiral vessels, and accompanying latex tubes; 

CHEMICAL COMPOSITION.— Dahleni analyzed both curly 
(C. endivia crispa) and smooth {C. endivia pallida) endive, and Ageaoili ^ 
the smooth (escarole), with the following results: 



Water 

Protein 

Fat 

N-f. ext. 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

Dahlen: 







Curly 

94.38 

2.18 

0.13 

1.87* 

0.61 

0.83 

Smooth 

93.88 

1.35 

0.13 

3.27t 

0.63 

0.74 

Ageaoili: 







Smooth 

93.25 

1.62 

0.23 

3.01 

0.95 

0.94 


* Eedueiiig sugars 0,69%. t Eeducing sugars 0.83%. 


Mineral Constituents. — Richardson,^ in the dried leaves, found 
18.22 per cent of crude ash containing 5.13 per cent of carbon dioxide 
and 6.D7 per cent of sand. The pure ash, calculated free of carbon 
dioxide and sand, amounted to 16.18 per cent. The analysis of the 
pure ash follows: 


KoO 

NaaO 

CaO 

MgO 

Fe203 

P 2 O 5 

SO3 


Cl 

% 

37.87 

% 

12.12 

% 

12.03 

07 

/o 

1.77 

% 

3.37 

% 

2.99 

% 

5.21 

0 / 

/o 

24.52 

% 

trace 


Minor Mineral Constituents. A lummum.— Leaves 51 mg. p(T kilo, dry basis 
(Bertrand and Levy).^ 

Manganese . — Leaves 35 mg. per kilo, dry basis (Peterson and Sk inner), 
Zinc.—Outev withered leaves 0.4, inner green leaves 1 .9 per kilo, fresh l)asis 
(Bertrand and Benzoii).® 

^ Landw. Jahrb. 1874, 3, 723. 

‘^Philippine J. Hei. IQlb, 11, 91. 

^Aiin. 1848,67,377. 

"‘Bill. soc. hyg. aliment. 1931, 19, 359. 

^ J. Nutrition 1931, 4, 41 9. 

® Bui. soc. hyg. aliment. 1928, 16, 457. 
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CHICORY 

Cichorium Intybus L. 

Fr. Chieoree. Sp. AcHcoria. It. Cicoria. Ger. Cichorie. 

The chicory plant when properly bred, grown, and sprouted furnishes 
two of the choicest of salad vegetables, French endive or witloof (Dutch 
for white leaf), for which a special strain is preferred, and barhe de 
capucin (Capuchin beard), for which common or wild chicory rnay be 
used. 

The roots are dug in the Fall, trimmed, and covered with earth or 
nnulch in a cellar. For the production of barbe de capucin, the narrow 
shoots are allowed to protrude and are cut from time to time; for 
French endive the whole is kept well buried until a sohd, blanched head 
is formed. Both forms may he served boiled as well as raw as salad. 
French endive is produced to some extent in the United States, but the 
choicest is imported in baskets or boxes from Europe. 

MACROSCOPIC STRUCTURE —French endive, as found in the 
market, consists only of the inner thoroughly bleached leaves forming a 
close elongated head. Owing to the immaturity and the forcing, the 
leaves consist chiefly of fleshy midrib with thin leaf tissue forming a 
narrow margin. The lohing at this stage is indistinct. 

MICROSCOPIC STRUCTURE (Fig. 79).— The structure of French 
endive differs from that of endive in 
that elongated, straight-walled epidermal 
cells predominate, owing to the prom- 
inent midribs, and emergence-like 
hairs are absent, at least on the edible 
leaves. 

Chief Structtjeal Characters.— 

Leaves with abnormally large midrib 
in well-bleached heads. 

Structure as in endive, except that 
elongated epidermal cells predominate 
and emergence- like hairs are lacking. 

CHEMICAL COMPOSITION.— No 
proximate analyses available. 

Minor Mineral Constituents. Alumtuim . — French endive ‘22.5, barhe de 
capucin 10 mg. per kilo, dry basis (Bertrand and Ldvy).* 



Fig. 79, — Chicoiy. Lower epi- 
derm of leaf in surface view. 1 
over vein; II between \eiii.s. 
IflO rfvHAVi 


Bui. soc. h.yg. aliment. 1931, 19, 359. 



274 


VEGETABLES 


DANDELION 

Taraxacum ojlcinale Weber = T. Dens-leonis Desf. 

Fr. Dent-de-lion. Sp. Diente de le6n. It. Dente di leone. 

Ger. Lowenizahn. 

In addition to the common, weed introduced into America from the 
Old World, wild forms of the dandelion occur in northern and Rocky 
Mountain regions of the XJnited States. Root leaves from meadows are 
gathered for greens in the Spring at which time they are tender and 
with little bitter flavor. Cultivated varieties yield leaves of superior 
texture and flavor which sometimes are blanched by tying like endive. 

MACROSCOPIC STRUCTURE. — The elongated, toothed leaf, 
with a prominent midrib, varies from spatulate to pinnately divided 
and in cultivated varieties is often curled. It is obscurely petioled, the 
leaf blade gradually narrowing to a margin which usually extends 
nearly to the base. Long hairs form a felt-like mass at the very base 
of the leaf and scattered fine hairs occur throughout, especially on the 
upper side and on the young leaves. 

MICROSCOPIC STRUCTURE. Leaf.—Both epiderms (Fig. 80) 
are practically the same in structure except that hadrs are more numer- 
ous on the upper. These are jointed with great variation in the size 
or length of the joints, the cell at the apex 
and those immediately beneath often being 
considerably larger than those farther down. 
At the base of the leaf, the hairs often reach 
more than 2 cm. in length. As in other 
composite leaves, the epidermal cells are 
elongated with straight walls over the 
midrib and veins and isodiametrie with 
wavy walls elsewhere. Stomata are numer- 
ous. The Meso'phyl contains late.x tubes, 
typical of the family, accompanying the 
phloem of the fibrovascular bundles. Most 
of the vessels are of the spiral, often with 
two strands, or spiral-reticulated types. 

Chief Structural Characte iis.— 
Leaf spatulate to pinnately divided, 
toothed. 

.Epiderms with straight- walled, elongated cells over midrib and 
veins and wavy-walled isodiametrie cells between the veins; hairs 
jointed, often very long. Mesophyl of chlorophyl cells, latex tubes, and 
fibro-vascular bundles with mostly spiral vessels. 



Pig. 80. — Dandelion. Lower 
epiderm of leaf in surface 
view. I over vein; 11 be- 
tween veins. X 160. 
(K.B.W.) 
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CHEMICAJL COMPOSITIOIT, — Following are analyses by Storer 
and Lewis 1 of an American sample with flower buds and by Chung and 
Ripperton^ of an Hawaiian sample, as perfected for the Hawaiian mar- 
ket, where it is known under the Chinese name pu-kung-ying and the 
Japanese name tampopo. 


Dandelion Geeens 



Water 

I 

Protein 

Fat 

N-f. ext. 

Fiber 

I Ash 

S. and L 

% 

85.54 

% 

2.81 

2.40 

% 

0.69 

1.00 

% 

7.45 

10.60 

% 

1.52 

! % 

1.99 

C. and R 






Mineral Constituents. — Chung and Eipperton^ found calcium 0.105, 
iron 0.0027, and phosphorus 0.072 per cent. 

Minor Mineral Constituents. Iron . — Greens 60.4 mg. per Mo, fresh basis 
(Peterson, and Elvebjem.) ® 

Aluminum. — Greens, wild 135, cultiva,ted (etiolated) 7.4 mg. per kilo, dry basis 
(Bertrand and L^vy). ^ 

Mangamse . — Greens 10.2 mg. per kilo, dry basis (Peterson and Skinner).® 
Cojiper . — Greens 1.5 mg. per kilo, fresh basis (Lindow, Elvehjem, and Peterson). ® 
Zinc . — Greens 9.7 mg. per kilo, fresh basis (Bertrand and Benzon).^ 


CARDOON 

Cymra Cardumvlm L. 

Fr. Cardon. Sp. Cardo. It. Girello. Ger. Kardon. 

The wild form of cardoou is native about the Mediterranean Sea. 
It is regarded as the original form of the artichoke and like the latter 
has thistle-like leaves and flowers. Ordinarily this plant is grown for 
the fleshy stalks (midrib base) of the root leaves, which are blanched 
like celery by covering with earth and eaten either as a salad or pot 
herb. The enlarged root, which differs little from scolymus, is also 
said to be eaten. 

1 Bui. Bussey Inst. 1877, p. 117. 

2 Hawaii Agr. Fxp. Sta. 1 929, Bui. 60. 

3 J. Biol. Chem. 1928, 78, 215. 

^ Bui. soe. hyg. aliment. 1931, 19, 359, 

® J. Nutrition 1931, 4, 419. 

6 J. Biol. Chem. 1929, 82, 465. 

7 Bui. soc. hyg. alimeat, 1928, 16, 457. 
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YEGETABLES 


MACROSCOPIC STRUCTURE.— There is na distinct petiole, the 
edible portion being the base of the leaf consisting of a thick midrib, 
narrow wings, and occasional short lobes. LeaJ blade, midrib, and 
veins are covered with a dense felt of hairs which give both surfaces a 
green-gray or nearly white appearance. The leaf is deeply cleft or 
parted, and the divisions are variously lobed or toothed with a spine at 
the end of each division. 

MICROSCOPIC STRUCTURE. — Cross sections of the midrib base 
show outer and inner epiderms, a mass of collenchyma tissue below the 
outer epiderm, and a bulky mesophyl with one large and several small 
fibro- vascular bundles forming the inner tissues. Both epiderms are 
much the same in structure and bear two skinds of hairs: (1) much- 
elongated, flattened, twisted unicellular or jointed with only one or two 
short basal cells and a very long terminal cell; (2) capitate, with very 
short stalk, the cells of both stalk and head being in two rows. Each 
fihro-vascular bundle has a mass of bast fibers on both phloem and 
xylem sides, and the whole is surrounded by a row of starch cells. The 
spines have. greatly elongated, thick-walled, porous epidermal cells, 
resembling bast fibers^ which contribute to their rigidity. A narrow 
vascular bundle runs into each spine. 

Chiet' Structural Cha.racters. — Leaf deeply cleft or parted, 
spiny, densely hairy on both sides; base of midrib thick, edible. 

Epiderms with (1) much elongated, jointed hairs with long end cell 
and (2) short capitate hairs with double row of cells; collenchyma on 
outer side and bast fibers on both sides of hbro- vascular bundles, the 
whole surrounded by starch cells. 

CHEMICAL COMPOSinOR. — Analyses of 3 varieties, given by 
Peano, ^ are not available. 


1 Ann. accad. agr. Torino, 1909, 52, 97. 



FLOWER VEGETABLES 

Flowers are less often used rs food than other parts of plants. It 
is true that certain pot greens ma^ be in flower when gathered, but 
usually the flowers do not appear until after the stem has become too 
tough for cooking. 

Squash flowers are in evidence in Italian markets. Certain flowers, 
such as those of the lilies eaten by the Chinese and the garden nasturtium 
serve as relishes. Cauliflower, including broccoli, and artichoke lead 
among flower vegetables. 

RELATION OF FLOWERS TO LEAVES. — Vegetables consisting 
essentially of inflorescence, whether normal, such as squash flowers and 
lilies or botanical monstrosities, such as cauliflower and broccoli, are 
logically treated immediately after leaf and stem vegetables since the 
flower is morphologically a modified leaf. 

One unfamiliar with botanical literature is entitled to a few words 
of explanation. Of the four primary parts of the flower, the calyx is 
often leaf-like and the corolla in some flowers differs little from the 
calyx, although ordinarily characterized by its delicate texture and 
varied coloring. The pistil may be visualized as a leaf rolled up on its 
longitudinal axis with ovules on the placenta formed by the united 
margins. An explanation of the relation of stamens to leaves involves 
greater detail and need not here be attempted. 

CHEMICAL CONSTITFEHTS.— The green parts of flowers doubt- 
less contain constituents similar to those of leaves of the same plant. 
Other parts have been little studied except as regards their odorous 
constituents, such as oil of rose, or their color principles which are classed 
as anthocyanins or in other groups. The stigmas of saffron yield crocm, 
a glucosidal dye, as well as essential oil. These together with cloves, 
cassia buds, and capers, which are flower buds, are described under 
Spices in Volume HI. As the reproductive processes center in the 
anthers and ovaries, these are rich in vital elements, but ordinarily only 
bees that collect the pollen and insects that prey on the ovules profit 
thereby. In cauliflower mannite, pentosans, and methyl pentoses have 
been identifled. The inicUn and latex of the artichoke are also of interest. 
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FLOWERS OF THE LILY FAMILY 

(Liliacesd) 


The ta,wny lily is the only member of the family furnishing a fiower 
vegetable here described. 


TAWRY LILY 

H emeTocallis Julva L. 

Chin. Kam-cham-t^soi. 

In the United States this lily is often found in old flower gardens ox 
escaped by the roadside, having been introduced from Europe in Colonial 
days. The flower is regarded by the Chinese as a delicacy. 

MACROSCOPIC STRUCTURE.— The jlcwers are of the usual Hly 
type and need not be described beyond stating that the yellow color 
at the base of the perianth limbs passes into purplish orange and brick 
color at the center and tip, the darker color being largely in the nerves. 

MICROSCOPIC STRUCTURE. Perianth.— The tissues are (1) 
lower (outer) epiderm of iso diametric cells, passing into longitudinally 
elongated cells over the veins and toward the base, (2) spongy mesophyl 
containing latex tubes and small grains of transitory starch near the 
bundles, and (3) upper (inner) epiderm of cells similar to those of the 
lower epiderm but with the usual papillae characteristic of floral envel- 
opes. The yellow color of the petals is due to needle-shaped chromo- 
plasts; the red and purple color is in solution in the upper epiderm. 

Pistil. — The elongated cells of the style pass into the typical papillose 
tissue of the stigma. 

Stamens. — Large stomata occur on the epiderm of the anthers. 
Spirally reticulated cells, characteristic of the endothecium, arc also 
present. The pollen grains are oval, smooth, up to 128 yL long, with 
knobby thickenings on the wall. 

Chief Structural Characters. — Flower yellow, in parts brick 
color. 

Upper epiderm of perianth with papillae. Pollen grains oval, up bo 
128 u long, smooth, with knobby thickenings on wall. 
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CHEMICAL COMPOSITION. — Tabulated below are an analysis 
of the fresh flowers from China by Sherman and Wang, ^ of the dried 
flowers from San Francisco by Blasdale, 2 and of Kinmehan, made from 
the flowers in Formosa, by Okumura:^ 

Composition op Tavny Lily 



Water 

Pro- 

tein 

Fat 

N-f. 

ext. 

Sugars, 

reduc- 

ing 

Su- 

crose 

Starch 

Fiber 

Ash 

S. and W. : 

% 

% 

% 


% 

% 

fc 

% 


Fresh flowers 
Blasdale : 

85.49 

1.66 

0.40 

10.44 





1.23 

0.78 

Dried flowersi 15.70 

10.11 

3.42 

58.39 

12.40 

30.51 

5.98 

8.74 

3.64 

Oknmura: 










Ejmnchari . . . 

22.98 

9.93 

1.93 

53,83 

11.82 

11.90 


5.32 

6.01 


Nitrogenous Bases. — Okamura^ isolated from 2 kilos of Kinmehan: 
0.14 gram of edenine as picric acid salt, 0.60 gram of choline as platinum 
salt, and a trace of arginine. 

Mineral Constituents. — Okumura^ found in the ash of Kinmehan: 


KjO 

NaaO 

CaO 

MgO 

FesOa 

1 

AI2O3 j 

P2O5 

SO3 

SiOa 

Cl 

% 

40.79 

% 

2.74 

% 

8.56 

% 

5.22 

% 

1.52 

% 

1.32 

% 

5.70 

% 

3.76 

% 

12.67 

% 

1.85 


1 Philippine J. Set 1929, 38, 69. 

2 U. S. Dept. Agr., Off. Exp. Sta. 1899, Bui. 68. 

3 J. Tokyo Chem. Soc. 1920, 41, 556. 



FLOWERS OF THE MUSTARD FAMILY 

(Crucijerse) 


Cauliflowee and broccoli represent the group. 


CAULIFLOWER 


Bmsdca oleracea L. 'var. lotrytis DC. 


Fr. Chou fleur. Sp. Coliior. It. Cavolo fiore. Ger. Blumenkohl. 


This vegetable, a botanical monstrosity, is perhaps the most highly 
esteemed member of the family. Broccoli is a sub-variety of slower 
development. Cauliflower is most commonly eaten as a pot vegetable. 
It is also pickled, being one of the vegetables often present in mixed 
pickles. 

MACROSCOPIC STRUCTURE.— By abortion of the JLower head, 
there is formed a white mass of curd which is encircled by inedible 
green leaves. In the ideal head the leaves separating the primary sec- 
tions are white and inconspicuous. The primary sections in like manner 
are divided into secondary, and so on, the ultimate groups consisting of 
minute, rounded, abortive flower buds surrounded by minute, blunt 
or club-shaped leaves (Fig. 81). 



Jig. 81. 



Fig. 81. — Cauliflower. Portion of head showing ultimate divisions into flcjwcr 
buds and leaves. X 30. (K.B.W.) 

Fig. 82.— Cauliflower. I epidenn of flower bud; II lower opiderrn of inodiiirri 
shed colorless leaf among flowers; III epidenn of .stem in head. X 160. (K.B.W.) 


MICROSCOPIC STRUCTURE. Stem. — Under this head are in- 
cluded the stem, pedicles, and peduncles. The elements are (1) epiderm 
(Fig. 82, III) which in the smaller stems consists only of large isodi- 
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ametric cells but in the larger stems shows differentiation into ground 
cells and stomata, (2) cortex of characterless, small, isodiametric cells, 
(3) a ring of fibro-vascular bundles with numerous spiral vessels aud occa- 
sional reticulated and pitted forms, and (4) a bulky pith of small iso- 
diametric cells. Accompanying the fibro-vascular bundles of the 
larger stems are thick-walled, porous cells. 

Leaf.™-The cells of the epiderm on the smallest rudimentary leaves 
are small, isodiametric, of uniform character; those on the larger leaves 
(Fig. 82, II) belong in part to stomata. Over the veins the cells are 
elongated. The vessels of the fibro-vascular bundles are largely spiral. 

Flower .—The cells throughout are small, thin-walled, and charac- 
terless. Stomata are absent on the epiderm (Fig. 82, 1), and the vessels 
of the YudimeiiisLTy Jihro-vascular ’bundles are of the spiral type. 

Chief SmucTUEAL Chaeacters. — Edible part of white, curd-like 
mass consisting of abortive inflorescence. 

Epiderm of larger stems and leaves with stomata, cells of stem large; 
epiderm of dowers of small cells without stomata. Vessels largely 
spiral. 

CHEMICAL COMPOSITIOH. — Analyses of cauliflower reported by 
Collier, ^ Atwater and Bryant, ^ and v. Schleinitz^ follow: 


Composition op Cauliflower 



Water 

Protein 

Protein, 

pure 

Fat 

IST-f. 

ext. 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

% 

Collier 

90.82 

1.62 


0.79 

4.94 

1 .92 

1 0.81 

A. and B 

93.8 

2,0 


0.20 

3.4 

0.6 

V. Schleinitz. . . 

90.68 

3 11 

1.70 

0.40 

3.73 

1.15 

0.93 


Carbohydrates, — Wittmann'^ found 1.00 per cent of pentosans in 
cauliflower. Dmochowsski and Tollens^'* state that, in addition to cel- 
lulose, 'pentosans, and methplpentosans , dextrose and levulose are present. 
Busolt^ was unable to find dextrose but succeeded in isolating mannite 
in crystalline form. 

i IJ. S. Depfc. Agr. Rep. 1881 - 82 , p. 555. 

* One of the two analyses in their Compilation, the other being by the foregoing 
author. 

Laadw. Jahrh. 1918, 62, 131. 

* Z. laadw- Vers. Oesterr. 1901, 4, 131. 

6 J. Landw. 1010, 68, 27, 

«Ibid. 1913, 61, 153. 
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Mineral Constituents. — Analyses by W olff ^ of the asb of cauliflower 
and by Nelson and Mottern^ of the ash of broccoli, expressed in both 
cases in percentages of the green vegetable, follow: 



K2O 

Na20 

CaO 

MgO 

FesO,* 

Mn304 

P2O6 

SO3 

SiOa 

Cl 

Sand 

Cauliflower . 
Broccoli : 
Buds 

% 

0.36 

0.30 

0.34 

% 

0.0s 

% 

0.05 

0.30 

0.38 

% 

0.03 

0.02 

0.16 

1 

% 

% 

% 

0.16 

0.17 

0.12 

% 

0.10 

% 

0.03 

% 

0,03 

% 

0.012 

0.026 

0.006 

0.005 

0.03 

0.06 

Leaves. . . 










* Includes A.I2O3. 


Minor Mineral Constituents. Iron . — Head 14.3 mg. per kilo, fresh basis (Peter- 
son and Elvehjem).® Head, 2 samples, 9.5, 10.9 mg. per kilo, fresh basis (Toscani 
andReznikofi).^ 

Manganese . — Head 25.2 mg. per Hlo, dry basis (Peterson and Skinner).® 

Cop'per . — Head 2.0 mg. per kilo, fresh basis (Gu^rithault). ® Head 1.4 mg. per 
kilo, fresh basis (Lindow, Elvehjem, and Peterson).^ 

Zinc . — White head cauliflower 2.3 mg. per kilo, fresh basis (Bertrand and Ben- 
zon). 8 


BROCCOLI 

This vegetable, long popular in Italy, has recently come into promi- 
nence in the United States. It may be described as cauliflower in 
small heads with inflorescence of a green color, 

MACROSCOPIC STRUCTURE. — The flower buds, which in cauli- 
flower are abortive, are here more or less perfect. Occasionally small, 
perfectly developed flowers with 4 green sepals, 4 yellow petals, 6 sta- 
mens, and 1 pistil are present. 

MICROSCOPIC STRUCTURE. — The tissues arc characterless 
excepting the 'pdlm grains which are spherical, with three lobes, up to 
15 fx in diameter. 

CHEMICAL COMPOSiriORT. — Nelson and Mottern'^ analyzed 
separately the buds (abortive flowers) and leaves of broccoli with results 

^ Aschenanalyzen. 

2 J. Am. Chem. Soc. 1931, 53, 1909. 

8 J. Biol. Chem. 1928, 78, 215. 

^ J. Nutrition 1934, 7, 79. 

8 L Nutrition 1931, 4, 419. 

8 Bui. soc. hyg. aliment. 1927, 16, 386. 

^ J. Biol. Chem. 1929, 82, 465. 

8 Bui. soc. hyg. aliment. 1928, 16, 457. 

® J. Am. Chem. Soc. 1931, 63, 1909. 
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as sliown below. Tlie steins contained 90.9 per cent of moisture but 
were not analyzed with respect to other constituents. 

Composition of Broccoli (Nelson and Mottern) 


Water 

Pro- 

tein 

Ni- 

trates 

as 

Fat 

Inv-ert 

sugar 

Su- 

crose 

Starch 

tosans 

Fiber 

Ash, 

total 

Ash,* 

alk. 

88.1 

88.3 

4.39 

4.04 

0.09 

0.12 

o o 

trace 

0.00 

1.30 0.91 

1.42 

1.11 

1.69 

2.41 

cc. 

93 

144 


Cc. iV/10 acid per lOO grams material. 


Acids. — According to Nelson and Mottern/ citric acid is the pre- 
dominating acid of broccoli. In both the buds and the leaves they 
found 0.02 per cent of oxalic acid and a small amount of mccinic acid. 
They also found l-malic acid, the ratio to citric acid being about 2 : 3. 
Mineral Constituents. — See Cauliflower. 


1 Loc. cit. 



FLOWERS OF THE COMPOSITE FAMILY 

(Comp€sits£) 


The family is represented by the artichoke. 

ARTICHOKE 

Cynara Scolymus L. 

Fr. Artichaut. Sp. Alcachofa. It. Careiofo. Ger. Artischoke. 

There is abundant evidence that the artichoke is a form of cardoon 
(wMcb see) derived by cultivation. It is extensively grown in the 
Mediterranean region, also in California and Florida. 

MACROSCOPIC STRUCTITRE.—Only the thickened lower part of 
the invoiucral scales and the receptacle (heart) of the thistle-like flower, 
gathered before blossoming, are eaten. The invoiucral scales are green- 
ish or purplish with a short, sharp spine arising from the notched apex. 
In eating, the tender mesophyl is torn away from the outer tough tissues. 
The receptacle is soft and tender throughout, forming a cushion-like mass. 



Fig. S3. — Artichoke. Elements of base of involunral scale, ic]) oiif^cr ci)i(lonii; 
(wp inner epideriu; p~ hypoderm ; I element from fiber layer; -p' .spongy piivun- 
(hyinn of mesophyl; sp spiral, r reticulated, and pi pitb'd vcss(d,s of xyb'iii ; bf 
hast fiber; y sieve tube; ol olooi-<;,sin cavity flanked by .s(^(Tctiug ocdl.s, X IbO. 

(K.B.W‘.) 


MICROSCOPIC STRUCTURE. — Inulini^ abundant throughout. 

Involucre (Fig. 8-1).^ — The scales consist of six layers but the; tissues 
of the fourth, classed as mesophyl, vary greatly in chanicl(T according 
to the position: (1) outer [hwer) epiderm (iep) uf isodiainetric oi- edori- 
gated, irregularly arranged, striated, beaded cells and stomata ; (2) hypo- 
derm ip-) of about five rows of longitudinally elongated cells; (8) fiber 
layer (/) consisting of longitudinally arranged fibers in about fifteen 
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rows; (4) mesophyl with fibro-vascular bundles, oleoresin ca^vities, and 
latex tubes in a ground tissue varying from rounded cells to spongy 
parenchynaa (pi) and then to chains of small cells about large inter- 
cellular spaces; (5) collemhyma, several cells thick; and (6) inner 
epiderm (aep), toward the apex similar to the outer epiderm but at the 
base mostly of elongated cells. 

Running through the outer mesophyl are the bundles with vessels of 
various types (ap, pi, r). Of chief interest are the schizogenous oleoresin 
cavities {ol'), containing minute brown drops, each surrounded by small 
secretion cells, and the numerous latex tubes, consisting of elongated cells 
which neither branch nor anastomose, with granular contents. 

The spines consist of a vascular bundle with narrow elements sur- 
rounded by broad fibers with broad lumens, the whole enclosed in an 
epidermal tissue of elongated elements. 

Receptacle. — The ground tissue throughout consists of rounded cells 
with intercellular spaces. Through this run mscular bundles. 

Chief Structtjeal CHARACTERS.—Scales thickened at base with 
spine in notch at end. Receptacle much thickened. 

Mesophyl with oleoresin cavities and many elongated latex tubes. 
Receptacle with ground tissue of rounded cells in loose contact. Inulin 
abundant. 

CHEMICAL COMPOSITION, — Analyses of the whole head give 
little idea of its nutritive value, since much is rejected on eating. The 
heart is eaten entire. Results on the whole head by Okey and Williams ^ 
and on canned hearts by McElroy and Bigelow^ follow: 


Composition or Abtichokes 



Water 

Protein 

Pat 

H-f. ext. 

Fiber 

Ash 

Salt 

Whole, fresh 

% 

% 

% 

o/ 

/u 

c/ 

/O 

/€ 

% 

American .... 

85.5 

2.8 

1.4 

6.8’*' 

2.4 

1.1 


Hearts, ca-nned 



French 

90,21 

0.77 

0.02 

6.17 

0.60 

2.23 

ISO 

French 

93.31 

0.53 

0.01 

4.01 

0.61 

1 .53 

1 07 

American 

93.85 

0.98 

0.02 

3.22 

0.53 

1 ,40 

0.95 


* Reducing sugars 0.6, inuliu 2.5, arU inscluble carbubj'dratt*s 


Imdin appears to make up more than one-third of the nitrogen-free 
extract of the whole head. No data on the proportion of inulin in the 
heart are available. 

1 J. Am. Chem- Soc. 1920, 42, 1693. 

2 U. S. Dept. Agr., Div. Chem. 1893, Bui. 13, 1 128. 
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Minor Miaeral Constituents. Iron . — Head 18.9 mg. per kilo, fresh basis (Peter- 
son and Elvehjem).^ 

Manganese . — Edible portion 14.25 mg. per kilo, dry basis (Quartaroli). ^ Head 
23.2 mg. per kilo, dry basis (Peterson and Skinner).® 

Copper . — Edible portion 4.62 mg. per kilo, dry basis (Qiiartaroli).^ Head 3.1 mg. 
per kilo, fresh basis (Lindow, Elvehjem, and Peterson).'^ 

1 J. Biol. Chem. 1928, 78, 215. 

2 Ann. chim. appl. 1928, 18, 47. 

* JT. Nutrition 1931, 4, 419. 

* J. Biol. Chem- 1929, 82, 465. 



FRUIT AND SEED VEGETABLES 

Fruit vegetables, although containing seeds, are valuable chiefly 
for the fleshy pericarp tissues which may be more or less distinctly 
saccharine and (or) acid (melons, tomato) or bland and inert (string 
bean, pumpkin, squash, okra). Seed vegetables are represented by sweet 
corn, which strictly speaking is a fruit with a thin pericarp, and numer- 
ous species of legumes. 

PERICARP. — Since fruit vegetables, like fruits in the popular sense, 
are valued chiefly for the fruit flesh, the general consideration of the 
pericarp is reserved for Part 11 of this Yolume. 

SEED. — Excepting the cereals, leguminous seeds green and dry, 
notably peas and beans, are more valuable as human foods than seeds 
of any other family and perhaps than all other seeds taken together. 
In the United States, however, sweet corn in the succulent stage vies 
with green peas and beans as a seed vegetable. 

Classification of Seeds Based on Composition. — Although all seeds 
show on analysis nitrogen-free extract, fat, and fiber, the nature of the 
individual constituents of the three groups and their proportion differ 
widely. 

Starch is deposited as reserve material in large amounts in. certain 
seeds but is entirely absent in others. Oil is the chief constituent of 
many starch-free seeds. In a relatively few seeds reserve material 
accumulates in the cell walls as polysaccharides, known collectively as 
hemicellulose, hydrolyzable with acid to sugars. Most seeds accord- 
ingly belong in three well-marked groups based on the chief constituent 
of each: (1) starch seeds (e.g., peas, beans, sweet corn), (2) oil seeds 
(e.g., soy bean), and (3) hemicellulose seeds (e.g.,carob, tamarind). The 
examples given, with the exception of sweet corn, are of species of leg- 
umes; numerous other specie's of starch and oil seeds are described in 
this Volume under legumes and in Volume 1. 

The reserve material may be kirgcdy in the embryo (e.g., peas, beans, 
tamarind), largely in the endosperm (e.g., sweet corn, carob), or partly 
in one and partly in the other. In pepper, but not in the seed of any 
common vegetable or fruit, it is in the perisperm. 
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FRUITS OF THE GRASS FAMILY 

{Graminesa) 

Only one of our cereals, sweet corn, is grown, as a garden vegetable. 
Doubtless the immature grain of other cereals would be suitable for 
human food were it possible to readily remove the closely enveloping 
chaff. 

SWEET CORK 

Zea Mays L. var. saccharata Sturt. 

Fr. Mais sucr4. Sp. Mafz. Ger. Zuckermais. 

Mature sweet corn is described under Cereals, Volume I. 

Field corn was grown as a vegetable before the introduction of 
improved varieties of sweet corn. According to Sturtevant, sweet corn 
was cultivated as early as 1779 at Plymouth, Mass., the seed having 
been obtained from the Susquehanna Indians. Numerous varieties, 
differing greatly in the color, shape, and size of the kernels, have been 
developed since the middle of the nineteenth century. 

Being a favorite vegetable in the United States, it is grown in enor- 
mous quantities both in private and market gardens and as a field crop 
for canning, 

MACROSCOPIC STRUCTURE.— Green corn is eaten while still 
“ in the milk/’ that is, when the contents of the endosperm are succu- 
lent and milky from suspended starch grains. The kernels are well 
rounded even when of full size; it is only on drying and shrinking that 
wrinkles appear on the surface. However carefully huvsked, shreds of 
the inner husk, entangled between the kernels, and of the silk remain on 
ear; these as well as fragments of the chaff are removed with the kernels 
in cutting from the cob. 

MICROSCOPIC STRUCTURE- Fruit. — See also Sweet Corn, 
Volume 1. The starch grains continue to develop after the cell walls 
have reached their full development. The milk sciueezod from a kernel 
shows the starch granules suspended in the cell liquid, the smallest 
showing lively Brownian movements. Some of the round or somewhat 
polygonal grains are 15 ju or more in diameter and show distinct polari- 
zation crosses. Most of the granules are small, and many of them are 
in aggregates of from two to many individuals. These aggregates are 
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isodiametriC; rod-shaped, or even branching, presenting a variety of 
forms. 

At all edible stages, iodine in potassium iodide imparts a deep 
coffee-brown color to the liquid portion of the mount, showing that the 
soluble carbohydrate, which distinguishes mature sweet corn from dent, 
flint, and pop varieties, is not due to solution of the mature starch grains, 
such as occurs during sprouting, but is formed before the starch grains 
reach any considerable size. 

Silk. — The conspicuous elements are (1) epiderm of elongated cells, 
with parallel sides arranged end to end, and hairs up to 1 mm. long, 
and (2) Jibro-vascular bundle zone. 

The hairs are either (1) simple jointed, that is made up of several 
cells placed end to end in a row, or (2) compound jointed, that is, two 
or three, seldom more, cells broad, the number diminishing toward the 
apex, as well as two or more cells long. The compound jointed hairs are 
best described as consisting of several jointed hairs united side hy side, 
those in the middle being longest and having the most joints, the rounded 
tip of each component hair often being free from its neighbor. The 
vessels of the bundle zone are mostly spiral or annular. 

Husk. — The edge of the inner husk leaves, which are trapped between 
the rows of kernels, consists chiefly of the outer e'piderm with deeply 
wavy walls, stomata, and numerous hairs and the inner epidermwiXh 
beaded, straight-walled cells, stomata, and some hairs. These tissues 
have their counterparts in the chaff. 

Chief Steuctural Cuabactees. — Cell walls as in mature sweet 
corn; starch in simple, mostly rounded grains from minute to 15 g or 
in isodiametric or rod-shaped aggregates; liquid portion of milk giving 
a coffee-brown color with iodine. 

CHEMICAL COMPOSITION. — Analyses of mature sw^eet corn are 
given under Dent Maize, Volume I. 

The composition of sweet corn is shown in the table on the next 
page. The average of analyses of canned corn compiled by Atwater 
and Bryant^ includes those of McElroy and Bigelow.- 

Influence of Environment on Composition. — Straughn and Church'^ 
carried out experiments with 2 varieties, Crosby and Stowell’s lOvt'rgreen, 
during k successive years in 6 Atlantic states. A summary of average 
results on total sugars, obtained by copper reduction after inversion, 
and on moisture appcurs in the second table : 


1 U. S. Dept. Agr., Off. Rxp. Sta. 1906, Bui. 28 rev. 

2 IT. S. Dept. Agr,, Div. Cbeiu. 189^3, Bui. 13, 1120. 
« U. 8. Dept. Agr., Bur. Clieiii. 1909, Bui. 127. 
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Composition op Sweet Cobn, Feesh a.nd Canned 



Samples 

Water 

Protein 

Fat 

N-f.ext. 

Fiber 

Ash 

Salt 



% 

% 

% 

% 

% 

% 

% 

Sweet corn, fresh: 









A. andB 

3 








Min 


72.1 

2.8 

1.0 

14.1* 


0.7 


Max: 


81 .S 

3.7 

1.1 

22,6* 


0.8 


Aver 


76.4 

3.1 

11 

19.7* 

0.6t 

0.7 


Sweet com, canned: 








McE. and B.: 

42 








Min 


68.32 

1.97 

0.66 

11.69 

0.41 

0.41 1 

0.01 

Max 


83.67 

3.73 

1.89 

25.09 

1.24 

0.801 

0.92 

A. and B.: 

62 







Aver 


T6.1 

2.3 

1.2 

19.0* 

0.8§ 

0.9 



i 








* Includes fiber. 1 1 sample, t Salt-free. § 43 samples. 


Average Water and Sdgar Content oe* Sweet Corn (Stradghcn and Chdrch) 

Water Total Sugars 



1905 

1906 

1907 

1908 

1905 

1906 

1907 

1908 

Crosby: 









Florida 


er.ii 

72.11 

67.89 


5.01 

5.57 

4.99 

South Carolina. . . . 

65.84 

76.77 

74.27 

76.72 

12.22 

4.73 

7.25 

5.19 

Maryland 


69.79 

75.14 



5.01 

5.40 


Connecticut 

73.01 

65.26 

71,19 

70.12 

7.73 

4.23 

4.83 

4.76 

Maine 

79.30 

71.88 


73,72 

6.50 

5.66 


4.66 

Stowell’s Evergreen : 









Florida 


70.27 

77.08 

75.24 


4.07 

5.43 

4.59 

South Carolina. . . . 

75.54 

71.72 

76.82 

75.50 

6. 68 

4.99 

4.95 

4.41 

Maryland 

78.13 

72.34 

80.59 

77.92 

5.78 

3,77 

4.83 

5.20 

New Jersey 

69.28 




4.26 




Connecticut 

74.62 

73.38 

78.20 

70.91 

5.36 

3.92 

3.69 

2.92 


Wiley, in commenting on the above results, notes that during the 
four years the average sugar content is higher in the southern than in 
the northern grown corn but this greater sweetness is offset by inferior 
physical characters, the northern grown corn being more tender and 
edible for a longer period. He considers the amount and distribution 
of rainfall to be the most important factor affecting quality, an excess as 
well as a deficiency being alike injurious. The content of sugars does 
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not appear to depend so much on temperature and length of day as in 
the case of the sugar beet. 

Relation of Season and Maturity to Composition. — In experiments 
by Culpepper and Magooii^ the percentage of total sugars increased for 
about 15 days after formation of the silk, then decreased. At the start 
the reducing sugars were high and the non-reducing sugars (largely 
sucrose) were low, but soon the order was reversed. Both total and 
soluble polysaccharides increased throughout development, the latter 
being present in much larger amount than in field corn. 

Magoon and Culpepper^ continued the experiments with two varie- 
ties planted at intervals. The results obtained with the Golden Bantam 
corn for three of the plantings appear below. The total solids in the 
three series increased respectively as follows: 10.62 to 41.58, 13.41 to 
41.22, and 9.56 to 34,95 per cent. They concluded that temperature 
was the most important seasonal factor affecting the corn for canning, 
and that rainfall, although markedly affecting vegetative activity, had 
no significant influence. 


CARBOHrDRA.TES IN SWEBT CORN SHOWING SEASONAL YaRIATION 

(Magoon anh Culpepper) 


Days 

after 

silk- 

ing 

1 

Planted April 28 

Planted June 7 

Planted July 28 

Sugars * 

Polysac- 

charides 

Sugars * 

Polysac- 

charides 

Sugars * 

Polysac- 

charides 

Eeduc- 

ing 

Non- i 
red. 

To- 
tal t 

Sol.J 

Eeduc- 

ing 

Non- 

red. 

i 

To- 
tal t ; 

Sol.t 

Reduc- 

ing 

1 

Non- 

red. 

To- 
tal t 

Sol.J 


% 

% 

% 

% 

% 

% 

% 

% 

% 


% 

•70 

5 

3.36 

1.21 

1.68 

O.OG 

3.80 

1.16 

2.42 

0.13 

3.30 

0.96 

1.65 

0.05 

10 

3.91 

1.65 

1.88 

0.15 

3.68 

1.76 

2.40 

0.40 

3.25 

0.87 

1.76 

0.10 

15 

2.28 

4.56 

7.97 

3.32 

1.84 

4.44 

7.98 

3.32 

3.31 

1.23 

1 .79 

O.OS 

20 

1.25 

3.63 

17.79 

8.68 

1.12 

3.86 

16.61 

8.08 

3.45 

1.90 

2.26 

0.75 

25 

0.66 

2.48 

26.19 

12.93 

0.81 ^ 

2.83 

22.17 

10.96 

2 .60 

4.27 

4.59 

1.89 

30 

0.59 

1.47 

30.58 

15.83 

0.70 

2.26 

29.60 

13.02 

2.19 

4.35 

8.14 

3.01 

35 









1 .85 

4. 16 

11 .42 

5.57 

40 









1 .26 

3.24 

15 .92 

7.49 

50 










0.97 

2. 15 

20.37 

10.07 

60 









0.98 

1.60 

24 .77 

11.60 














As invert, t As starch. % As dextrin. 


Changes in Composition during Storage; Respiration. — In experi- 
ments on the rate of deterioration of sweet corn after picking, Appleman 
and Arthur^ found that the loss of sugar was rapid at first then slackened 


1 J. Agr. Res. 1924, 28, 403. 

2 Ibid. 1926, 33, 1043. 

3 J. Agr. Res. 1919, 17, 137. 
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until about 18 per cent of the total sugars and 30 per cent of the sucrose 
remained. An increase of 10° C. doubled the rate up to 40°, when the 
rate decreased. The decrease of sugar was largely explained by an 
increase in starch. The loss of carbon dioxide through respiration dur- 
ing 24 hours at 30° corresponded to a loss of only 3.2 pounds of sugar 
per ton or 0.13 per cent. 

Appleman^ found that the catalase activity of the juice of sweet 
corn as well as of potatoes is an index of the rate of respiration, which is 
high when the corn is just picked. 

Enzymes. — See Respiration above. 

Minor Mineral Constituents, /row.— Kernels, dried 29 mg. per kilo (Sherman) 
Sweet corn, 2 samples, 5.1 mg. per kilo, fresh basis (Peterson and Elvehjein).^ 

Aluminum . — Sweet corn 2.6 mg. per kilo, fresh basis (Underhill, Peterman 
Gross, and Krause).^ 

Manganese . — Sweet corn 4.7 mg. per kilo, dry basis (Peterson and Skinner).® 

Copper . — Evergreen 1.1, Golden Bantam 0.6 mg. per kilo, fresh basis (Lindow, 
Elvehjem, and Peterson).® 

lAm. J. Bot. 1918, 6, 207. 

^XJ. S. Dept. Agr., Off. Exp. Sta. 1907, Bui. 185. 

3 J. Biol. Chem. 1928, 78, 215. 

^ Am. J. Physiol. 1929, 90, 172. 

® J. ISTutrition 1931, 4, 419. 

8 J. Biol. Chem. 1929, 82, 465. 



FRUITS AND SEEDS OF THE PEA FAMILY 

(Legumznosse) 

Classification of Food Legumes. — Following is a list of the genera by 
sub-families and tribes. Unless otherwise stated^ the seed or whole pod 
is edible. 

Mimosacese. 

I. Ingese. Pithecolobium (kamanchile 0- 


PayilionacesB. 

II. Genisiese. Lwpinns (blue, yellow, and 'white lupines 2 ). 

III. Sophorese. CastaTiospermum (bean tree). 

IV. Hedysarese. AracMs (peanut), Ornitho-pus (serradella ■'*), Onohrychis (sain- 

foin ®), Lespedem (Japan clover 0* 

V. Dalhergiese. Caumarouna (tonka bean) , 

YI. Loiese. Lotus (bird’s foot clover *)• 

VII. Vicie^. Er mm {lentH ^)yVicic (broad bean, vetches ^), Pisum (pea 2 ), Cicer 
(chick pea^), Lathyrm (chickling vetch, ^ vetchling,^ Spanish lentiP). 

VIII. Phaseolese. Phaseolus (common bean, scarlet runner, Dutch case-knife 
bean, lima bean, adzuki), Vigna (China bean 2 ), Dolickos (hyacinth bean) , 
Canavalia (Jack bean). Glycine (soy bean ®), Stizolohium (velvet bean), 
Pachyrrhizus (yam bean ^), Pueraria (kudzu 0> Ainos (ground nut ^). 

IX. TrifoUese. Trifolium (clovers ^)^Medicago (alfalfa Trigonella (fenugreek). 

X. Gcdegese, Astragalus (coffee astragalus). 

€sesalpiniace^. 

XL Amherstiesp. Tauiarindm (tamarind). 

XII- Gassier. Cassia (coffee cassia), Ceratonia (carob). 

COMPARATIVE MACROSCOPIC STRUCTURE. Pericarp.— Usu- 
ally the pod is elongated, sometimes also spiral, and has both dorsal 
and ventral sutures, the seeds being borne along the latter; the tama- 
rind (Fig. 230), however, has no evident sutures. The pod may or 
may not be septate, but in either case has a well-developed parchment- 
like layer adjoining or toward the endocarp. 

Seed. — In Papilionacese. the seed is usually ainphitropous, in Mimo- 
sacex and Cap^sdpiniacese anatropous. In general it is characterized by 
(1) the thin spermoderm; (2) the distinct oval hiluni or scar (Fig. 99, If) 
where the seed separates from the Juniculus; (3) two small humps 
adjoining one end of the hilum forming the heart-shaped strophiolc (aS); 

^ Aril edible. ^ Used also for forage. Used only for forage. ^ Eoot-tuber edible. 
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(4) the ra'phe (R) (absent in Caesalpiniacese) forming a more or less dis- 
tinct ridge from the stropkiole to (5) the usually indistinct chalaza; 
(6) the micTopyle (M) near the hilum on the opposite end from the 
strophiole, the opening through which the pollen tube entered in fertili- 
zation; (7) the thin (garden legumes) rather thick (cloyer group) or 
bulky (carob and coffee cassia) endosperm; (8) the usually bulky cotyle- 
dons] and (9) the small radicle, the form often showing through the 
spermoderm. 

The spermodern, often together with remnants of the endosperm, 
forms a skin which is thickest beneath the hilum and may extend into 
the reentrant angles on both sides of the radicle. A dull spot occurs on 
the sides of the seeds of carob and coffee cassia. 

The more or less elongated hilum in the Papilionaeesc has a slit run- 
ning through the longest diameter. In the kidney-shaped seeds of 
the bean group (Fig. 99) the hilum is in the reentrant curve, in the tonka 
bean it is on the outward curve, in the lupines (Figs. 84, 85, and 87) it is 
on an elevation, in the broad bean (Fig. 90) it is at one end, in the pea 
(Fig. 94), which is globular, it is near the end of the radicle. In the 
Csesalpmiacese the hilum is inconspicuous. 

A camncle is strongly developed in the hyacinth and velvet beans, 
forming a raised border of the hilum ; in other legumes here described 
it is less conspicuous or lacking. 

The edible portion of kamanchile is the fleshy aril which completely 
envelops the seed. 

Hilum cushion is a term used for the spongy tissues, broken away 
from the funiculus, covering the hilum of certain legumes. 

COMPARATIVE MICROSCOPIC STRUCTURE. Pericarp.-- 
Kraus ^ observed that the pod of the Payilzonaceae belongs t,o the type 
with an outer mesocarp of isodiametric cells and an inner mcsocarp of 
sclerenchyma fibers. 

JEpicarp . — In addition to epidermal cells of the common type and 
stomata, hairs are present in certain species. In the storing bean 
(Fig. 100) the hairs are hooked, in the peanut (VoL I, Fig. 212) of the 
root type, in the Jack bean partly jointed and warty and partly capitate. 

Hypodern,—'’The cells are tangentially elongated. 

Mesocarp . — During the succulent period, transitory starch is present, 
also chlorophyl, except in wax beans. In the carob remarkable 
bodies (Fig. 234), the 'finklusen'' of Tichomirow, reacting like tannins, 
and in the tamarind tartrate crystals (Fig. 231) arc characteristic. 

Crystal Layer.— ^ingh crystals of calcium oxalate occur in cells 


wiss. Bot. 1866-7, 6, 83. 
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accompanying the vascular bundles of the garden legumes (Fig. lOO). 
In the edible-podded pea such cells form a layer adjoining the inner 
mesoearp. 

Filer Layer. — Diagonally arranged sclerenchyma fibers (Fig. IDO) 
form a layer in garden legumes. In the peanut the layer (Vol. I, Fig. 213) 
is strongly developed. 

Inner Faremhyma.’--TlhB tissues differ with the species. Crystal 
cells are numerous in most legumes, 

Endocarp. — In the string bean the cells are polygonal; in the edible- 
podded pea they form papillae, in the carob and tamarind they are 
thick-walled. 

Spermodcrm. — The literature is particularly rich. ^ 

■Palisade Layer. — The outer epiderm (pal in following figures), or 
Malpighian layer, consists of palisade cells with height (excepting the 
peanut Yol. I, Fig. 214, aep) greatly exceeding breadth. In the chick 
pea (Fig. 98), they show great variation in height. The upper end may 
be flat or rounded. In fenugreek (Yol. Ill) the wall proper, exclusive 
of cuticle, is pointed, in alfalfa (YoL I, Fig. 270) rounded. 

Commonly at the inner end the walls are thin and the lumen broad, 
but in the outer portion the walls are thick and the lumen narrow, often 
reduced to a mere line. In tamarind (Fig. 232) and coffee cassia the 
lumen has two bulbous enlargements. The thickening of the walls is 
due to strips arranged about the lumen like the segments of an orange 
about the core. Tschirch and Oesterle^ state that the strips are twisted 
spirally. In lupines (Fig. 86) the walls are geniculate; in bean tree 
seed, exclusive of cuticle, thin throughout; in chick pea (Fig. 98), thin 
except at the two ends. Chlorzinc iodine stains the walls brick red. 

A light line (I in cuts showing cross sections), is always present; 
more than one line occurs in some species. At the hilum, with few 
exceptions, the palisade layer is double (Fig. 114). 

Suhepidern. — The cells (suh in following figures) are either (1) more 
or less spool-, hourglass-, column-, or bone-shaped, often with distinct 
ribs, and inconspicuous contents (Fig. 86); or (2) prismatic, containing 
a crystal, less often two crystals, of calcium oxalate (Fig. 102). Several 
layers of spool cells occur in the Jack bean. At the hilum (Fig. 114) 
these tissues abruptly end. 

1 Schleiden: Beitrage z. Entwicklungsgeschichte d. Blutenteile Lei den Legumi- 
nosen 1838; Schleiden u. Yogi: IJeber das Albumen, ins besondere der Leguminosen; 
Chalon: Mem. Pub. Soc. Sci., Arts et Let. du Hainaut 1875, p. 55; Beck: Sitzb. 
E. K Akad. zuWien 1878, 79; Painmel;Bul. Tor. Bot Club 1886, p. 17; Mattirob 
and Buscalioni: Mem. Accad. Szienze Torino. Ser. II, 1892, 42; M. Kondo: Z. Unters. 
Nahr.-Genussm. 1913, 26, 50; works on food histology. 

2 Anab. Atlas, Leipzig, 1900, p. 208. 
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Pareiichyma,-~-Vmsi\\y the tissues are more or less spongy, and, in 
the inner portion, compressed. In the carob and coffee cassia the inner 
cells are funnel-shaped. 

Beneath the hilum (Fig. 114, pO is ^ spongy mass of cells, often 
thick-walled and sometimes spool-shaped. Directly under the hilum 
slit of all garden legumes is a sclerenchyma group (sc) which is lacking 
in the carob, coffee cassia, and tamarind and in bean tree seed is replaced 
by elongated sclerenchyma elements and vessels. 

Inner Epiderm . — This is not evident in most species. 

Caruncle.“~This consists of narrow, radially elongated cells con- 
taining, in the case of the hyacinth bean and adzuki, small starch grains 
(Fig. 114, Car), 

Hilum Cushion, — The spongy parenchyma cells contain in the case 
of the hyacinth bean (Fig. 114, He) and adzuki small starch grains. 
Hondo 1 in his analytical key divides the seeds into two groups, one 
with, the other without hilum cushion, the caruncle being regarded as 
the border of the cushion. 

Endosperm.— Most held and garden legumes have no endosperm 
or one with only a single layer, but alfalfa (Yol. I, Fig. 270), clovers, 
fenugreek, serradella, and other species have, in addition to an aleurone 
layer, several rows of cells with mucilaginous secondary thickening that 
dissolves readily in water. The endosperm of carob (Fig. 235) and 
coffee cassia also has secondary thickening but this does not dissolve 
readily. Schleiden^ as early as 1838 studied the mucilaginous endo- 
sperm of legumes, and I^adelmann^ in 1890 classified numerous species 
not only according to the presence of mucilage, but also according to 
reserve material in the cotyledons whether in cell wall (cellulose, amy- 
loid) or cell cavity (aleurone grains, starch grains, fatty oil). 

Perisperm.— Carob and coffee cassia are the only species here 
described with perisperm well differentiated. 

Embryo. — The radicle being small, interest centers in the fleshy 
cotyledons {€ in following figures). 

Epiderms . — Usually the cells are isodiametric but in the pea (Fig. 96) 
and lentil they are elongated and often parqueted. 

Isodiametric cells make up all the tissues in most 
species but palisade cells form an inner layer in soy bean, the clover 
group, fenugreek, carob, and coffee cassia. The cell walls are either 
thin and characterless or else more or less thickened and porous with 
reserve material in the form of cellulose or hemicellulose. Enormously 

^ Loc. cit. 

2 Loc. cit. 

^ Prings. Jahrb. wiss- Bot. 21, Heft 4. 
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thickened wa^lls staining blue with iodine in potassium iodide, the reac- 
tion for so-called amyloid, characterize the cotyledons of tamarind 
(Fig. 232), reserve carbohydrate being largely in this form. The 
mesophyl of some species is rich in starch. 

Starch. — The following data on the presence of starch are by tribes: 
Gemste^, absent in lupines; Sopkorese, present in bean tree seed; Hedy- 
saresBj present in peanut and sanfoin, absent in serradella and Japan 
clover; Dallergiese, present in tonka bean; Lotese-f present in bird^s foot 
clover; Viciese, abundant in all species; Fhaseolese^ abundant in all 
species but soy bean which contains none or only a trace; Trifolieee, 
small amount may or may not be present; Galegese, absent in all species; 
CscsalpiniacesB, absent in all species. 

Aside from special cases, such as bean tree starch (Vol. I, Fig. 21) 
which is of the tapioca type, peanut starch (Tol. I, Tig. 214) which is 
round, and velvet bean starch (Tig. 119) which resembles somewhat 
potato starch, leguminous starch grains are usually ellipsoidal, kidney- 
shaped, or irregularly swollen with a so-called elongated hilum showing 
with polarized light a line between two Y^s at the ends, thus a (YoL I, 
Fig. 37, lY). An elongated hilum is, however, a crystallographic incon- 
gruity. Developmental studies by the writers brought out that what 
appear to be single grains in the mature seed of certain species, such as 
common bean (Fig. 102) and smooth pea (Fig. 95), are really semi- 
aggregates (half-compound grains of Strassburger), with separate rings 
and excentric hilums formed during the early stages of development, but 
with outer rings common to the whole, whereas the grains of certain 
species, such as the wrinkled pea and bean tree, are obviously true 
aggregates or compound grains, each member with its own hilum and 
rings. In either case the polarization Y’s at each end of the grain belong 
to end members with or without intervening member or members, while 
the so-called elongated hilum of certain species (e.g., common bean) 
is a mechanical rift between the two excentric hilums of a twin or through 
a middle member of three grains attached in a row. 

In the starch of the smooth pea the component grains are not always 
in a row as indicated by swellings and often by polarization crosses but 
not by lines of separation at maturity, although such lines are often 
evident in earlier stages of development and are distinctly seen in the 
grains of the wrinkled pea, even at maturity, the individual grains often 
actually separating from one another as in the familiar aggregates of 
oats, rice, etc. In bean tree starch the aggregate nature of the grains 
is obvious at a glance, and the commercial starch made from this species 
consists largely of separated individuals. 

Aleurone (rrams.— These bodies {al in the following figures) are of 
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two types: (1) large grains up to about 25 ii containing one or more 
globoids, occurring when starch is absent, or less often (peanut, tonka 
bean) in conjunction with starch grains; and (2) minute grains with no 
visible enclosure occurring as granules in the matrix surrounding starch 
grains. 

Fui.—All leguminous seeds contain a considerable amount of fat or 
oil and some, such as the peanut and soy bean (see Volume I), a large 
store. 

Chiei Steuctxjeal Chara^ctees. — ^Those of the palisade cells, sub- 
epidermal cells, and starch grains appear in the table on the following 

COMPARATIVE CHEMICAL COMPOSITIOR— Starchy legumes 
in general contain 5 to 10 per cent more protein, slightly more fiber and 
ash, about the same amount of fat, and 5 to 10 per cent less nitrogen- 
free extract than wheat, whereas non-starchy legumes are true oil seeds 
rich in both protein and fat (see Soy Bean and Peanut, Volume I). The 
lupines contain alkaloids. 

Proteins. — Legumin, a globuhn associated with a smaller amount of 
viciliri) also a globulin, and hgumeliiij with characters of both globulins 
and albumins, occur in the lentil, vetches, broad bean, and smooth pea, 
all belonging to the Viciede, and should be looked for in other members 
of that sub-family. 

Phaseolin, characteristic of the sub-family Phdseoleds^ is the chief 
protein of the common bean, the adzuki, and China bean, also presum- 
ably of the closely related tepary, scarlet runner, and Dutch case-knife 
bean. The concammltn of the Jack bean and the globulins of the 
velvet bean, also belonging to the PhmeoleB^ closely resemble phaseolin 
in ultimate composition. 

The proteins of the leguminous oil seeds, namely glycinin of the 
soy bean (Fhaseolex), oonglutin of the lupines (Genistede), and amchin 
of the peanut {Hedysarese) resemble legumin, at least in ultimate com- 
position. 

To what extent the results on amino acids arc correlated with those 
on ultimate composition cannot he determined with the incomplete data 
on the former now at hand. 

The group is large, and the classification, which is based largely on 
the structure of the flower, may be in some respects faulty; proteins 
formerly thought to be individuals are being split into two proteins and 
probably some thought to be distinct are the same. It is believed that 
as the gaps in the literature are filled the nature of the proteins and his- 
tological characters will show still closer relationship. 

Alkaloids. — See White and Yellow Lupine. 
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Chief Histological Characters of Leguminoxis Seeds^ 

(Dimensions are masimum in ix) 

Palisade Celia Subepidernaal Celia 



Height 

Width 

End Height 

Width 

Shape 

Riba 

Type 

Eiam. 

Kamanehile 

70 

14 

hat 

15 

30 

spool 

none 

minute 


White lupine 

125* 

20 

hat 

70 

60 

spool 

none 

none 


Yellow Itipine 

135* 

20 

round 

40 

40 

spool 

none 

none 


Blue lupine 

135* 

20 

flat 

40 

40 

spool 

none 

none 


Bean tree seed 

no 

25 

flat 

40 

lOO 

spool 

none 

compound 


Peanut 

25 

50 

flat 

parenchyma 

none 

round 

15 

T'onha bean 

60 

25 

flat 

CO I 

50 

j spoolt 

none 

round 

10 

Bird-foot clover 

35 

10 

wavy 

parenchymaj: 

none 

none 


Bentil 

45 

s 

round 

25 

30 

spool 

none 

legume 

40 

Broad bean 

185 

25 

flat 

75 

60 

spool 

none 

legume 

65 

Spring vetch 

70 

13 

round 

27 

40 

spool 

strong 

legume 

55 

Winter vetch. 

so 

11 

round 

27 

40 

spool 

strong 

legume 

55 

Narrow-leaved vetcB 

70 

13 

round 

16 

40 

spool 

strong 

legume 

45 

Bough hairy vetch. . . 

50 


round 

S 


ipool 

strong 

legume 

27 

Smooth pea 

90 

20 

flat 

26 

50 

spool 

present] 

legume 

50 

Wrinkled pea. . . . 

90 

20 

flat 

25 

50 

spool 

pres 

compoundi 

SO 

Edible-podded pea. . . 

80 

20 

flat 

25 

50 

spool 

present] legume 

50 

Chick pea 

160t 

20 

round 

35 

35 

spool 

none 

legume 

45 

Chickling vetch .... 

89 

17 

round 

35 

47 

spool 

present] legume 

71 

Common bean ..... 

60 

10 

flat 

30 

30 

prism! 

none 

legume 

60 

Tepary 

45 

16 

,t 

27 

15 

|prisin§!| 

none 

legume 

35 

Scarlet runner 

85 

15 

flat 

30 

40 

jrism§|| 

none 

legume 

50 

Dutch case-knife. .. 

50 

10 

flat 

27 

25 

prism § 

none 

legume 

€0 

Lima bean 

85 

20 

flat 

05 

30 

spool 

none 

legume 

•65 

Moth bean 

40 

15 

flat 

10 

20 

spool 

none 

legume 

27 

Rice bean 

55 

15 

flat 

10 

30 

spool 

none 

legume 

70 

Mung bean 

55 

15 

flat 

20 

27 

spool 

none 

legume 

40 

Urd 

50 

IS 

flat 

15 

20 

spool 

none 

legume 

27 

Adzuki. 

70 

10 

flat 

15 

55 

spool 

none 

legume 

SO 

China bean 

70 

IS 

fiat 

20 

20 

spool 

none 

legume 

35 

Hyacinth bean 

155 

IS 

fiat 

70 

60 

spool 

none 

legume 

35 

Jack bean 


30 

flat 

CO 

55 

spool* 

none 

legume 

55tt 

Soy bean 

GO 

20 

fiat 

75 

40 

spool 

none 

trace 


Velvet bean , 

115 

25 

flat 

45 

40 

spool 

none 

ovoid 

40 

Red clover 

45 

15 

flat 

15 

27 

spool 

strong 

minute 


Crimson clover 

45 

15 

fiat 

16 

40 

spool 

strong 

minute 


Alsike clover 

50 

13 

round 

18 

27 

spool 

strong 

minute 


Alfalfa 

35 

10 

round 

6 

30 

spool 

strong 

none 


Fenugreek 

85 

20 

pointed] 

20 

70 

spool 

strong 

trace 


Pamarind 

i3r)§ 

10 

round 

50 

25 

spool 

none 

none! 1 1! 


Coffee cassiall If ... . 

85 § 

7 

flat 

25 

25 

spool 

none 

none 


Carob iHf 

175 

25 

flat 

35 

30 

spool 

none 

none 



Geiiicukte. t Irregular. J Cells within subepklerm spooKshaped. § O.xiihite rrystal. jlSpoid- 
shapedluoieii. ^ 2G0 jn in .Tapanese beaius. ** Several layers, ft 70 /j in -lapunose beans, it Mxcentrie 
liilum,no aggregates. §§T\vo bulbs, j 1 1 1 Amyloid in eell wall. Hi IU\serve carbohydrate in walls 
of endosperm. 

Fat— Most garden legumes, like certain cereals, contain too little 
oil to be profitably e:xpressc(l, hence results on the composition of the 
fat are meager. In general it may be stated that the oils range from 
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non-drying to semi-drying, the two leguminous oils of chief commercial 
importance, namely peanut and soy, representing the extremes. Glycer- 
ides of unsaturated acids make up from 75 to 85 per cent of both oils 
but in peanut oil the ratio of oleic to linolic is about 2 : 1, whereas in 
soy oil it is about 1 : 2. 

Carbohydrates. — In addition to starch, considerable amounts of 
reducing sugars and sucrose are present in succulent garden legumes. 
Paragalactoarahan was reported by Schulze and coworkers in the 
eighties as representative of pentosans in species of the lupine and pea 
groups. JStachyose and lupeose were also identified by them. Galactose 
occurs in certain species. 

Mineral Constituents.~~In general the ash is richer in potash but 
poorer in phosphoric acid than wheat. 

WHITE lOTINE 

hupinus dhus L. 

Pr. Lupin blanc. It. Lupini. Ger. Weisse Lupine. 

This species of lupine, according to De Candolle, was cultivated by 
the ancient Greeks and Romans for green manuring and for the seed 
which was eaten by both man and cattle. The seeds are still used to 
some extent for human food, after being soaked in water to remove the 
bitter principle, also, roasted, as a substitute for coffee, but the chief 
importance of the plant is for soiling, fodder, and as an ornamental. 

MACROSCOPIC STRUCTTIRE.— In this genus the Imves are pal- 
mate, with several simple leaflets, and i\i^jlowers ai’e in showy racemes. 

The calyx is conspicuously lipped, the 
standard refiexed, and the wings united 
at the top over the inwardly bent keel 
and style. The pod is fiat, up to 10 cm. 
long, hairy, and several-seeded with a 
conspicuous cross depression between 
adjoining seeds. 

Fig. 84 .—White Lupine. Seed The flattened, buffTsmi (Fig. 84) has a 
X 2. (A.L.W.) depression on each side. It is irregularly 

circular in outline, up to 1.5 cm. in diam- 
eter, with the sunken orange hilum (2 mm. long) on a slight projec- 
tion formed by a concavity between it and the inicropyle. On the 
opposite side the strophiole is 2 to 3 nim. distant from the liilurn, the 
raphe between the two being of an orange color. Only traces of a 
caruncle and hilum cushion are present. 
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MICROSCOPIC STRUCTURE, — Sempolowski ^ and Godfrin, ^ in 
their monographs, and Haiz^ and Wogl,^ in their treatises, give promi- 
nence to this species. The two last-named authors show the seed in 
cross section. 

Spermodenn.. — The tissues are: (1) palisade cells, up to 125 fi 
high and 20 broad, fiat at the outer end, with light line 15 to 20 /x, 
thick walls and narrow lumen in the outer two-thirds, thin twice-bent 
walls and broad jagged lumen in the inner third; (2) mhepiderm of 
spool-shaped cells up to 70 ju high and 60 n broad; and (3) thin-walled 
parenchyma of polygonal cells in the outer portion and compressed cells 
in the inner portion. 

Beneath the hilum the cells surrounding the sclerenchyma group are 
large, thick-walled, and often ribbed, with large intercellular spaces. 
Many of them resemble the subepidermal cells. 

Eado sperm. — Not evident. 

Embryo. — The walls of the epiderms of the cotyledons are non- 
porous, those of the mesophyl porous and moderately thickened. No 
starch is present“Only aleurone grains up to 20 /t each containing a 
crystalloid or more commonly globoids. 

Chief S'ibuctijeal Characters.— S eed large, flattened, up to 1.5 
cm. in diameter, bufi, with sunken sides. 

Palisade cells up to 125 // high and 20 ijl broad, fiat at outer end, light 
line 15 to 20 walls thick and lumen narrow in outer two-thirds, walls 
thinner, twice bent, and lumen jagged in inner one-third; subepidermal 
cells spool-shaped up to 70 p high and 60 p broad; spermoderm paren- 
chyma in outer layers of polygonal, non-porous cells. Epiderm of 
cotyledon non-porous ; mesophyl of moderately thickened, porous cells 
with aleurone grains up to 20 p. See also table p. 299, 

CHEMICAX COMPOSITION. — See proximate analyses under 
Yellow Lupine. 

Alkaloids, — The alkaloids of the white lupine have been studied by 
Schmidt and his students Davis, Behrend, Gerhard, Callsen, and 
Bergh. '' 

Lnpanine (Ci5H24N'20), discovered in the blue lupin by Hagen,® 
was isolated in its dextro form by Bergh from the white lupine and in its 
dextro and inactive form was obtained by Davis. Dextro-lupanine 
separates from a saturated solution of the hydrochloride, on adding 

1 Landw- Jalirb. 1874, 3, 823. 

2 Soc. Sci. Nancy 1880, p. 109. 

2 8amenkun<le, Berlin, 1885, p. 597. 

^ Wicht. Nah*. Genussna., Berlin, 1899, p. 327. 

^ A ret. Pharin. 1897-1904. 

6 Ann. 1885, 230 , 367. 
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sodium carbonate, as a colorless oil which later solidifies as silk^ needles. 
Inactive (racemic) lupanine consists of lustrous needles, melting at 
99° C., readily soluble in ether, chloroform, and other organic solvents. 
Aqueous solutions of both forms become cloudy on boiling but on cooling 
again become clear. 

Oxylnpanine (C15H24N2O2 + 2II2O), as prepared by Bergh, consists 
of rhombic crystals readily soluble in water, alcohol, ether, and chloro- 
form, hut insoluble in petroleum ether. It is dextrorotatory, [af^ + 
64.12°. It is said to occur in white and wild blue lupine. 

Fat. — The average percentage of fat in the lupines is intermediate 
between that of pea, lentil, vetch, broad bean, and navy bean which is 
low and that of soy bean which is high. 

Physical and Chemical Values . — The figures for the fat of white lupine 
seed, as determined by Grimme,^ follow: specific gravity at 15® C. 
0.923, refractive index, at 25° C. 1.4724, saponification number 192.8, 
iodine number fWijs) 61.6, ester number 172, total fatty acids 94.3 per 
cent, titer 24® C., acid number 20.5 (equivalent oleic acid 10.1 per cent), 
glycerin 9.42 per cent, and unsaponifiable matter 0.98 per cent. 

Phosphorus-Organic Compounds. — See Yellow Lupine. 

Mineral Constituents .—See Yellow Lupine. 

Minor Mineral Constituents. Iodine . — Seeds none (Wiiiteratein).^ 


YELLOW irPINE 

Lupinus luteus L. 

Pr. Lupin jaune. Ger. Gelbe Lupine. 


The yellow lupine is a common soiling and fodder crop, especially 



Eig. 85.— Yellow 
Lupine. Seed. X 2. 
(AL.W.) 


in Europe. It is also said to be used for human food, 
particularly as a substitute for coffee. 

MACROSCOPIC STRTJCTITRE.—The seed (hlg. 
85) is about half the diameter of that of the white 
lupine and is spotted and blotched with dark brown 
or black on a buff background. The liiliirn is about 
1 inni. long, in a depression, separated by 1 mm. 


from the strophiole. 


MICROSCOPIC STRUCTURE.— Sempolowski,'^ Bdhiner,'* 


and Winton^ have studied the seed. 


^ Chem. Rev. Pett-Harz-Iiid. 1911, 18, 53. 

2 Z. physiol. Chem. 1918, 104, 54. 

® Landw. Jahrb. 1874, 3, 823. 

Samenkunde, Berlin, 1885, p. 602. 

^ Xraftfuttermittel, Berlin, 1903, p. 345. 

® Micros. Yeg. Foods, New York, 1st Ed. 1906, p. 253. 
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Spermodem (Fig. 86). — ^The layers are: (1) palisade cells {pal) up 
to 135 fJL high, 20 /x broad, rounded at the top with a light Ene (1) 10 jtt 
broad, thick- walled with, a narrow lumen in the outer two-thirds, 
thinner-walled with a broad and jagged lumen and bent twice in the inner 
third; (2) suhepiderm (sub) of spool-shaped cells up to 40 p high and 
about the same breadth; and (3) parenchyma (p), polygonal with 
porous walls (Bohmer) in the outer 
portion, compressed in the inner 
portion. 

The contents of the palisade cells 
beneath the dark spots are pigmented. 

Endosperm. — Not evident. 

Embryo (Fig. 86). — In surface view 
the porous walls of the epiderms [ep) 
of the cotyledon [C) have a beaded 
appearance. Cross sections mounted 
in water show that the porous walls of 
the mesophyl cells are somewhat thick- 
ened but not nearly to such an extent 
as in blue lupine. The contents are 
aleurone grains (al) up to 20 p, some of 
which contain crystalloids. The cells 
below the inner epiderm are only sEghtly 
elongated. 

Chief Sfrijctural CuAEAcrEES. — 

Seed small, spotted, irregularly rounded, 
flattened, up to 8 mm. in diameter, 
hilum 1 mni. long in depression. 

Palisade cells up to 135 p high and 
20 /X broad, rounded at top with light 
line 10 /i, inner third bent twice with 
jagged lumen ; subepidermal cells spool- 
shaped up to 40 ji high and 40 p broad; 
parenchyma cells in outer layers polyg- 
onal and porous. Epiderm of coty- 
ledon with porous walls, mesophyl cells with porous, moderately thick- 
ened walls, containing aleurone grains up to 20 /x. See also table p. 209. 

CHEMICAL COMPOSiriOlf. — Although rich in nutrients, seeds 
of the lupines are distasteful to cattle because of the presence of alka- 
loidal principles which are not only bitter but may even be unwholesome; 
on the latter point, however, the evidence is conflicting. 



Eig. 86. — Yellow Lupine. Seed 
in cross seetion. 8 sperinoderm: 
pal palisade cells with I light 
line ; sub siibepideriu ; p spongy 
parenchyma witli fv fibro-v'aseii- 
lur bundle. C cotyletlon with ep 
outer epiderm and mesophyl 
containing al aleurone grains. 

X 160. <A.L.W.) 
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Below are analyses of seeds of the principal economic species com- 
piled from a series of papers by Flechsig, by Tauber, and by Hiller d 


Proximate Composition and Alkaloidal Content of Lupine Seeds 


Alka- Alka- 

Water Protein Fat |M-f.ext. Fiber Ash loid, loid, 

solid liciuld 


■yellow (i. lutms) 

15.00 

39.21 

5.35 

26. 

.17 

11. 

.06 

3.21 

0.42 

0.39 

White (L. cdb'us) 

15.84 

30.46 

6.28 

34, 

.64 

10. 

, 56 

2.32 

0.25 

0.02 

Blue (i. angustifoKus:) 

13.81 

30.98 

6.41 

34. 

,92 

11. 

,49 

2.39 

0,22 

0.03 

Perennial (i. polyphylhs) 

11.75 

38.16 

11.17 

35, 

.87 

9. 

68 

3.37 

0.40 

0.08 

Hairy (L. hirsutus) 

11.75 

24.54 

7.50 

39. 

.71 

14. 

04 

2.46 

0.04 

0.00 

Cruikshank’s (L. Crwkshanksii). 

11,75 

41.59 

13.97 

23, 

,54 

5. 

93 

3.22 

0.55 

0 .45 


Analyses made by Guillaume^ in addition to the usual constituents 
include determinations of sugar, phosphoric acid, and acidity. 


Composition of Lupine Seeds (Guillaume) 



Water 

Protein 

Fat 

N'T. ext. 
md 
fiber 

Sugars 

Ash 

P2O5 

Free 

acid 


% 

% 

0/ 

/o 

% 

% 

% 

% 

/o 

L. luieus 

12.23 

37.12 

4.17 

42.82 

9.11 

3.66 

1.31 

0.35 

L. alhus 

10.96 

32.81 

8.88 

44.73 

6.33 

2,62 

0.81 

0.24 

L. ])oly'ph7jllv,s 

10.04 

34.12 

9.70 

42. 4S 

6.65 

3.66 

0.54 

0.35 

L. CruiksJmiksii 

10.58 

44.62 

11.17 

29.63 

8.81 

4.00 

0,82 

0,47 

L. varius 

12,18 

28.00 

5.49 

51.38 

8.43 

2.96 

0.87 

0,24 


Detailed analyses of the kernels and hulls of the yellow lupine have 
been made by Schulze and coworkers and the composition of the wliole 
seed calculated from these analyses. Determinations of the indiv^idual 
nitrogenous, ether-soluble, and nitrogen-free constituents were also 
made so far as methods were iiYailablo. See table next page. 

Proteias.— According to Osborne and Campbell,'^ both yellow and 
blue lupines contain: (1) a globulin conglutin, forming 26.2 per cent of 
the kernel, discovered and named by Kitthausen, (2) a small amount 
of a soluble globulin which unlike congliitin does not precipitate from a 

V. Vers.-Stat. 1883, 29 to 32. 

“Bui. sci. pliai-maeol . 1923, 30, 529. 

^Laridw. Vers.-Stat, 1891, 39, 285. 

'‘J. Arn. Cheni. Boc. 1897, 19, 454. 

M. pruki. Cheni. 1881, 24, 221; 1882, 26,422. 
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10 per cent salt solution on adding two volumes of water, (3) uater- 
soluble 'protein forming 0.37 per cent of the kernel and consisting of 
proteose with either a ver^ soluble globulin or an albumin, (4) a small 
amount of a glutelin or alkalLsoiuble protein^ and (5) a small amount of 
nitrogenous matter presumably protein insoluble in dilute alkali. 


Composition of Yellow Lupine Seeds (Schulze et al.) 
(Besalts calculated to dry basis) 



Kernel 

Hull 

Whole seed 


% 

% 

% 

Protein * 

18.39 

3.81 

36.79 

Nuclein and plastin 

0.24 

0.88 

0.67 

Alkaloids 

1.46 


1.08 

Fat (ether extract) 

8.53 

0.79t 

6.53t 

Lecithiu in fat 

2.13 


: 1.58 

Cholesterol in. fat 

0.17 


0.13 

Soluble organic acids 

2.15 


1.59 

Lupeose 

8.38 

5.47 

7.63 

Paragalactoaraban 

9. 57 

17.91 

11.73 

Fiber 

5.62 

54.34 

18.21 

Ish 

4.31 

1.73 

3.64 

ITndetermined. 

11.06 

15.07 

12.13 


*•' N X 5.66. fLupeol, etc. JLupeol 0.21%. 


Ulti'mate Compositoi.— Ritthausen ^ extracted conglutin with weak 
alkali, also, as did Osborne and Campbell, with 10 per cent salt solution. 


Xfr.T’l'ATR CoMPOi^lTION- OF YeIXO¥ I.OPINE PhOTEINS 



Eitthaiisen 

Osborne and Campbell 

Conglutin 

Conglut in 

Soliil)le 

globulin 

Glut el in 



a 

c 



/o 

/o 

;L' 

t 

Caihon 

50,49 

50.91 

49.58 

51,40 

Hydrogen 

7.03 

6.88 

i) . SO 

0,79 

Nitrogen 

18.19 

17-93 

18,27 

10,43 

Sul])bur 

) 24 < 

0.52 

1 ,42 

1 03 

Oxygen 


23.76 

20,93 

24 35 


100.00 

100.00 

1 

97.00 

100.00 


J. prakt. Chem. 1881, 24, 221; 26, 1882, 422. 
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Amino Acids of Conglutm , — It is not generally Lnown that Eitt- 
hausen, ^ working alone and in cooperation with Kreusler, obtained by 
the slow acid hydrolysis of eonglxitia, legnmin^ and several other pro- 
teins four amino acids, namely, tyrodn, lencin, glutamic acidy and as'par- 
tic acidy and determined quantitatively the amounts of glutamic acid 
and aspartic acid thus formed. Had work along this line, so well begun, 
been then continued, it is reasonable to believe that the puzzle of pro- 
tein constitution would have been solved a generation earlier. 

In 1901 Schulze and Winterstein^ determined quantitatively the 
amounts of the hexone bases, and somewhat later Abderhalden and 
Herrick^ and Abderhalden,^ employing Pischer^s method, isolated and 
determined the individual monoamino acids. The following percentages 
are those found by Abderhalden and Herrick except where otherwise 
noted; 


Amino Acids of CoNaovTiN 


% 

Glycocoll 0.8 

Alanine 2.5 

Valine 1.1 

Leucine 6.8 

Serine -f- 

Cystine 

Aspartic acid 3.0 

Glutamic acid 10.5*^ 

Tyrosine 2.1 

Phenylalanine 3.1 

Proline 2.6 

Tryptophane -|- 

Arginine 6.9t 

Lysine 2. If 

Histidine 0.63t 

Ammonia 


51 . 13 

Abderhalden. f Schulze and Winterstein. 


Alkaloids.—The percentages of alkaloids in the different lupines 
appear above in the first table under Chemical Composition. 

The presence of alkaloids in lupines was first demonstrated by 

1 J. prakt. Chem. 1868, 103, 233; 1869, 106, 445; 1869, 107, 218; 1871, n.f. 3, 
307, 314; 1882, 26, 504. 

2 Z. physiol. Chem. 1901, 33, 547. 

3 Ibid. 1905, 45, 479. 

^ Ibid. 1906, 47. 358. 
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Cassola. ^ Siewert^ separated them into one crystalline and two liquid 
substances, assigning formulas to each. Baumert ^ isolated a ciystalline 
alkaloid which he named lupinine and regarded as haying the formula 
C21H40N2O2. He further showed that only one liquid alkaloid lupini- 
dine is present, claiming for it the formula CsHisN. Willstatter and 
Fournau^ corrected and simplified Baumert ’s formula for lupinine as 
shown below, and Willstatter and Maix^ showed that lupinidine is 
identical with sparteine, 

Lupinine (C10II19ON) forms colorless tabular crystals, soluble in fat 
solvents. It is levorotatory and non-reducing. Karrer, Canal, Zohner, 
and Widmer^ consider that of two possible formulas the following is the 
more probable: 

CH2*CH2*CH2-CH2 

H ~CH 

I I 

CH 2 - CHj-CH-CHsOH 

Lupinidine or sparteine (C 15 H 26 N) was first found in the common 
heath by Stenhouse.^ It is a colorless, thick liquid, boiling at 311° C., 
with a characteristic odor and bitter taste. It is somewhat soluble in 
water and readily soluble in chloroform, ether, and alcohol. It is 
levorotatory ; undiluted [a]^ — 5.96°. Karrer, Shibata, Wettstein, 
and Jacuhowicz^ believe that sparteine has a formula similar to that 
of lupinine. 

Lupanine and oxylupanim occur in white and blue lupine but do not 
appear to be present in the yellow species. 

Spathulatine (CssHe^OsNi), a new crystalline alkaloid, has been 
isolated by Couch ^ from the seeds and pods of L. spaikulatus Rydb., 
a plant growing in Utah and Colorado. Whether this occurs in other 
species is yet to be determined. 

Removal of Alkaloids . — Tarious methods have been proposed for 
removal of the bitter principles from lupine seeds, such as digestion 
with hot and then with cold water, with weak alkali, with brine, and 

1 Ann. 1835, 13, 308. 

* Landw. Vers.-Stat. 1867, 9, 168. 

» Bet. 1881, 14, 1150, 1321, 1880, 2701; 1882, 15, 631, 1951; Laadw. Vers.-Stat. 
1881, 27, 16, 25; 1884, 30, 295; 1885, 31, 139. 

■> Ber. 1902, 36, 1914. 

« Ibid. 1904, 37, 2351. 

«HeIv. Chim. Acta 1928, 11, 1062. 

’Ana. 1851, 78, 15. 

« Helv. Chim. Acta 1930, 13, 1292. 

» J. Am. Chem. Soc. 1924, 46, 2507. 
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with weak mineral acid, but in all these a certain amount of the ^^aluable 
constituents as well as the alkaloid is removed and the residual matter 
is rendered more indigestible. Romer^ approaches the problem by 
attempting to develop varieties with smaller alkaloid content. Crossing 
experiments were abandoned as the hybrids did not produce fertile seeds. 
Selection appears to be a more promising plan. 

Fat. — See White Lupine. 

Carbohydrates. — As is indicated by the analyses of Schulze and 
coworkers given under the appropriate heads, the same carbohydrates 
appear to be present in the yellow lupine as in the pea, vetch, and broad 
bean, but the percentage of lupeose and of fiber is greater even if no 
allowance is made for the sucrose included with the lupeose in the case 
of the pea group. The percentage of paragalactoarahan is also presum- 
ably greater since the cell walls of the cotyledons are markedly thicker, 
although Schulze’s quantitative results, not being on the same basis, 
fail to establish the difference. 

Lupeose^ first found by Beyer ^ in lupines and later prepared in pure 
form by Schulze and his students from lupines and various other 
legumes, is a non-reducing amorphous tetrasaccharide with a strong 
dextrorotation (+148.0). For a time it was considered to be a disac- 
charide and was termed j3-galactan in Schulze’s earlier work. Although 
it is now known to agree with stachyose in its rotation, in the carbo- 
hydrates into which it splits on hydrolysis, and in the amount of mucic 
acid formed on oxidation, it fails to crystallize as does stachyose, hence 
Schulze regards the two substances as not identical. 

jStachyose or mannatetrasaccharide (C 24 H 42 O 21 + 4 E 2 O) was dis- 
covered by Tanret^ in the roots of Stachys tuherifem and other plants of 
the mint family and more recently in the seeds of several of the common 
legumes including the lupine and pea groups. It is crystalline, solu])le 
in water, non-reducing, and strongly dextrorotatory (+148). On 
hydrolysis with acids it yields equal molecules of dextrose and Icvulose 
and two molecules of (f-galactose. 

Paragdlactoaraban (Ci6H28()m + 2H2O = 2CV)Hio05 + Cr>Hi 20 r,) 
occurs according to Schulze^’ in lupines, peas, and other leguminous 
seeds. On hydrolysis by acids or enzymes, it yields rAgalactoso and 
Z-arabinose. Its formula was established by Heidiischka and Tetten- 

‘ Landw. Mirh. 1917, 50, 433. 

2 Laiidw. Vers.-Stat. 1867, 9, 117; 1371, 14, 164. 

« Ber. 188(1, 19 , 827; 1887, 20 , 280 ; 1892 , 26 , 2213; 1910, 43 , 2230. 

^Compi. rend. 1903, 136 , 15G9. 

®Ibid. 1912, 165, 1526. 

«Ber. 1889, 22, 1192. 
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born, ^ who prepared compounds with copper, lead, and zinc 
salts. 

Ptiosphoius-Or^anic Compounds. Leciihin.—Bohulze^ found in 
the dr^ matter of the yellow lupine 1.55 to 1.59 per cent of lecithin. 
Later h.e^ prepared lecithin from the yellow lupine containing 3.46 to 
3.76 per cent of phosphorus. 

From the ether extract of white lupine Winterstein and Stegmann*^ 
obtained a phosphatide fraction containing 3.59 to 3.67 per cent of 
phosphorus, 0.90 to 0.98 per cent of nitrogen, and 15.70 to 16.61 per cent 
of carbohydrate. Judging from the phosphorus content these prepara- 
tions were indentical with the lecithin of Schulze. 

The presence of carbohydrates in other plant lecithins has been 
demonstrated by Winterstein and his coworkers. 

Enzymes. — Seeds of the common lupines contain diastatic, peptic, 
glucosidal, and ureal enzymes which hawe been studied by Muenk.^ 

Mineral Constituents. — Accurate though early analyses of the ash 
of yellow and blue lupine seeds were made by Heiden. ^ 


Composition' of Lupine Seejd Ash (Heiden-) 



KsO 


CaO 

MgO 

ECjOa 

Pt-Os 

SOs 

SiOo 

Cl 

Yellow 

% 

29.49 

31.90 

% 

0.29 

0.81 

% 

8-19 

9.87 

% 

12.68 

10.91 

% 

0.61 

0.73 

% 

44.29 

39.04 

% 

4.34 

5.58 

% 

% 

0.12 

0.59 

Blue 

0.34 


Minor Mineral Constituents. Manganese. — Air-dry lupines, containing 3.66 per 
cent of ash, 6.22 mg. per kilo, equivalent to 1700 mg. in 100 grams of ash (Wester).’’ 

1 Biochem. Z. 1927, 189, 203. 

2 Landw. Jahrb. Schweiz, 1802, 6, 72. 

* Z. physiol. Chem. 1907, 52, 54. 

4 Ibid. 1909, 58, 500. 

® Landw. Vers.-Stat. 1914, 85,393. 

6 Ibid. 1866, 8, 455. 

’Biochem. Z. 1921, 118, 158. 
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BLUE LUPINE 

Lupinm angustifolim L. 

Fr. Lupin bleu. Ger. Blaue Lupine. 

Like the white and yellow species, the blue lupine is grown chiefly 
for soiling and fodder. Hanausek ^ states that the seed is used as a 
coffee substitute in Hungary. 

MACROSCOPIC STRUCTURE.— The plant Las narrow leaves and 
the flower is blue. The seeds (Fig. 87) are thicker and more nearly 
spherical than those of yellow lupine. They 

® wary up to 8 mm. long and are of a dull brown- 
gray color blotched with brown and buf . The 
depressed hilum (1 mm.) and the strophiole are 
2 mm., apart. 

Eio. 87.— Blue Lupine. Yarieties leucospermus and leucanthus have 
Seed. X 2. (A.L.W.) dirty white seeds. In the former the flowers 
are blue, in the latter white. 

MICROSCOPIC STRUCTURE.-Harz2 briefly notes certain tissues: 
Hanausek ^ gives several illustrations and a full description. 

Spemioderm.— In our material the structure is practically the same 
as that of yellow lupine, except that the outer ends of the palisade cells 
are fiat and the light line is narrower (maximum 6 fl). 

Endosperm, — Harz finds traces of an endosperm. 

Embryo.— As seen in surface view, pores are present in the radial 
walls of the epiderms of the cotyledons, giving them a beaded appearance, 
also around the edges of the inner tangential walls where they reach 
considerable size. Although the aleurone grains are practically the 
same as in white and yellow lupine, the cell walls of the mesophyl, in 
sections mounted in water, are very much thicker, particularly at the 
angles, on account of swelling. 

Chief Structural Characters.— Seed up to 8 mm. long, more 
nearly globular than that of yellow lupine, dull brown-gray blotched 
with brown and buff. 

Spermoderm as in yellow lupine, except that the outer ends of the 
palisade cells are fiat and the light line is narrower. Epiderms of cotyl- 
edon with radial wails and edges of inner tangential walls porous; cell 
walls of mesophyl porous and much swollen; aleurone grains up to 20 ju. 
See also table p. 299. 

1 Dammer: Lex. Verfals., Leipzig, 1885, 1 , 395. 

* Samenkunde, Berlin, 1885 , p. 600 . 
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CHEMICAL COMPOSITION, — See pro:ximate analyses under 
Yellow Lupine. 

Proteins. — Preparations of the globulin, conglutin, made from the 
sodium chloride extract by Ritthausen^ and by Osborne and Campbell,^ 
had the following ultimate composition: 


UlTIMAIB CoMPOSITIOlT OF CoNGLUTtN 



Ritttausen 

Osborne and 
Campbell 

Carbon 

Hydrogen 

Nitrogen 

Sulphur 

Oxygen 

% 

50.39 

6.94 

18.22 

0.49 

23.96 

100.00 

% 

51.13 

6.86 

18.11 

0.32 

23.58 

100.00 


Alkaloids. — Lu'partine (see White Lupine) occurs in the wild blue 
lupine (I/, 'perennis L.). 

Mineral Constituents,-— See Yellow Lupine. 

Minor Mineral Constittieuts, /odiTie.—Seeds none (Wiaterstein).® 

LEHTIL 

Lens escnlenta Moench = Ervum lens L. 

Fr. Lentille. Sp. Lenteja. It. Lente, Ger. Linse, 

Since prehistoric times the lentil has been cultivated in the Mediter- 
ranean region where it doubtless originated. Esau sold his birthright 
for a mess of pottage made from lentils. The Greeks and Romans 
cultivated lentils, and the Latin name lens was applied to a doable 
convex magnifying glass because of its resemblance to the lentil. 

Dried lentils are a common food product in Europe but in America 
are eaten mostly by the foreign population. 

MACROSCOPIC STRUCTURE. — The plant is low, the leaflets of 
the pinnate leaf small, the terminal one developed as a tendril. Among 

1 J. prakt. Chem. 1868, 103, 233; 1881, 24, 221; 1882, 26, 422. 

* jr. Am. Chem. Soc. 1897, 19, 4S4. 

» Z. physiol. Chem. 1918, 104, 54. 
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the distinguishing chargicters of the small flower are its white or lavender 
color, the elongated nearly uniform calyx lobes, the partially united 
wings and short keel, and the style, flattened on 

♦ the outer face and hairy along the inner. 

The short but relatively broad pod normally 
contains two lenticular sharp-edged seeds (Tig. 88) 
up to 8 mm. in diameter, in color green-yellow, 
Fig. 8S. Lentil, brown, dark red, or black. Under a lens the 
Seed. X2. narrow hilum 1 to 2 mm. long, without accom- 

(A.L.W.) panying caruncle or hilum cushion, the strophiole, 
and the micropyle are evident. 

MICROSCOPIC STRUCTURE (Fig. 89).-I)otails of structure 
appear in the works on food histology. 

Spermoderm {S'). — The tissues are (1) palisade cells (pal) rounded 
at top, up to 45 p high and 8 p wide, with thin cuticle and light line [1) 
up to 6 p, (2) suhepidem (sub) of spool-shaped cells, up to 25 p high and 
30 p broad, and (3) 'parenchyma (p) 
mostly spongy with large cells, except 
in the inner portion where they are small 
and compressed. 

The cells about the sclerenchyma 
group beneath the hilum are small, thick- 
walled, with colored contents and small 
intercellular spaces. 

Endosperm. — ]^ot evident. 

Embryo. — The epiderms (ep) of the 
cotyledons (C) consist of tangentially 
elongated cells, more or less parqueted, 
and the mesophyl of thin-walled cells 
without palisade cells. Starch grains (an) 
up to 40 embedded in a protein-rich 
matrix, are present throughout the 
mesophyl. Ellipsoidal and renifoim 
grains often with rifts predominate. Ir- 
regular aggregate or semiaggregate grains 
are not infrequent. 

Chief Structueal Characters.— 

Seeds lenticular with minute hilum, 
strophiole, and micropyle. 

Palisade cells narrow, with rounded outer ciids, up to 45 p high; 
subepidermal cells spool-shaped, up to 25 p high. Erulospcu'ni not 
evident. Cotyledon with tangentially elongated epidermal cells and 


1 

pal 

sub 

P 




Fig, 89.— Seed in croNM 
section. K sp(M'iiio(i('i‘iir, /nil 
palisji(l(‘ cells with I li^;lit Hik;; 
snh .subc[)i(icnii ; /; .sponj^y pa.- 
rcnchynia. (! (‘oty Icdoii wilt 
ej) outer und incsoptiy! 

containing (ini shii'ch jirniius. 

X 160. (A.h.W.) 
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isodiametric mesophyl cells ; starch grains 40 smaller than in pea, 
mostly ellipsoidal with rifts. See also table p. 299. 

CHEMICAL COMPOSmON.-A summary of analyses by Balland ^ 
and of 3 analyses compiled by Atwater and Bryant ^ follows: 


Composition of Lei^tits 



Water 

Protein 

Fat 

N-f. ext. 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

Balland: 







Min 

11.70 

20.32 

0.58 1 

56.07 

2.96 

1.99 

Max. 

13.50 

24.24 

1.45 

62.45 

3.56 

2.66 

A. and B. : 







Min 

6.4 

24.5 i 

0.7 

58 

.6 

3.2 

Max 

10.7 

26.6 

1.5 

69.8 

8.6 

Aver 

8.4 

26.7 

1.0 

59.2 

! 

5.7 


Proteins— The ultimate analyses of the proteins, prepared by 
Osborne and Campbell ^ frain the lentil, indicate that they are the same 
as those in the pea (which see), vetch, and broad bean. Results on the 
kind and amounts of the amino acids sufficient to prove the absolute 
identity of the proteins of the different species are, however, lacking. 


Ultimate Comporition" op Lentil Peotetns (Oseorne and Campbell) 



Legumin 

Vicilin 

Lcgumclin 

j Proteose 


% 

% 

% 

% 

Carbon 

51.73 

52.13 

53.22 

50.17 

Hydrogen 

6.89 

7.02 

6.82 

6.77 

Ritrogen 

18.06 

17.38 

16.27 

16.81 

Sulphur 

0.40 

0.17 

0.94 

1.27 

Oxygen 

22.92 

23.30 

22.75 

24.98 


100.00 

100.00 

100.00 

100.00 


Amino Acids oj Lentil Froteins.—Uhe following figures for cystine 
and tryptophaTie respectively are by Jones, Gersdorff, and Moeller:'^ 
legumin 0.68 and 0.93; vicilin 0.40 and 0.68 per cent. 

^ Compt. rend. 1897, 125, 119. 

2 U. S. Dept. Agr., Off. Exp. Sta. 1906, Bui. 28 rev. 

» J. Am. Chem. Soc. 1898, 20, 362. 

^ J. Biol. Chem. 1924, 62, 183. 



314 


TEGETABLES 


Fat.-”No data available. 

Carbohydrates. — Machyose has been found by Tanret’ to be present, 
as are probably the other carbohydrates named under Smooth Pea. 
Galactose was identified by Traetta-Mosca (see Common Bean), 

Mineral Constituents. — In Wolfits compilation^ an analysis by Levi 
is given as follows: 


Composition op Lentil Ash (Levi) 
(Per cent of ash 2.06) 


K 20 

Na20 

CaO 

MgO 

FeaOs 

P2O5 

Cl 

% 

% 

% 

% 

% 

% 

% 

34.76 

13.50 

6.34 

2.47 

2.00 

36. so 

4.63 


The percentage of soda in this analysis is unreasonably high. 


Minor Mineral Constituents. Manganese , — Seeds 32.5 mg. per kilo, air-dry 
basis (Quartaroli).® 

Aluminicm. — Seeds, green 1 mg. per kilo, dry basis (Bertrand and L6vy).* 
Copper . — Seeds 5.26 mg. per kilo, air-dry basis ((^uartaioli).'^ Seeds 6.6 mg. per 
kilo, air-dry basis (Gu6rithault).® 

Zinc . — Seeds 24.5 mg. per kilo, air-dry ba«is (Bertrand and Benzon).® 

Arsenic . — Seeds 0.1 mg. per kilo (Jadin and Astriic).^ 


BROAD BEAN 

YiciaFaha L. == Faha vulgaris Moench. = F. saliva Bernh. 

Fr. Feverole. It. Fava. Ger. Pferdebohne. 

Horse bean and Windsor bean aro other names for this species. It 
has been cultivated since prehistoric times in countries bordering on the 
Mediterranean. Dc Candolle believes that it originally grew in two 
regions, one south of the Caspian, the other in northern Africa. For- 
merly the most important and still in some countries the commonest 
bean, the seed now is less highly esteemed for human food than species 
of Phaseol'iis. It is still popular with the poorer classes in parts of 

1 Compt. rend. 1903, 136, 1569. 

* Ascbenanalyzen. 

*Ann. chim. appl. 1928, 18, 47. 

^ Bui. soc. hyg. alinient. 1631, 19, 359. 

5 Compt. rend. 1620, 171, 196. 

soc. hyg. aliment. 1928, 16, 357. 

^ Compt. rend. 1912, 156, 291. 
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Europe, such as Italy and Spain, and with emigrants from those regions 
in the United States. It also is eaten at the snap stage. Its chief 
importance in most countries at present is as a cattle food. 

MACROSCOPIC STEUCTURE. — Erom the common vetches, the 
plant is distinguished by the absence of well deyeloped tendrils. The 
flower is whitish with a dark purple spot on each wing. The pod is more 
or less downy, thick-walled, up to more than 7 cm. in length. 

The seeds (Fig. 90) are in cawities separated by spongy partitions. 
They are ellipsoidal, often rounded-rectangular, green, brown, purple, 
or black, and vary greatly in size according to the variety. Harz^ 
divides the species into three botanical 
varieties: (1) minor with seeds up to 13 
mm., (2) equina, seeds up to 2 cm., and (3) 
major, seeds up to 3.5 cm., with sub- 
varieties under each. Tibbies^ groups as 
broad or Windsor beans varieties with 
seeds up to 2.5 cm., as horse beans or ticks 
those under 1.5 cm. in length. 

A character common to all is the loca- Jig. 90.— Broad Bean. Seed, 
tion of the hilum (which often exceeds 5 mm. X 2. (A.I.W.) 

in length) in a depression at the end of the 

seed. Except for the barest traces, caruncle and hilum cushion are 
lacking. The strophiole is 5 mm. or more from the end of the hilum, 
and from the strophiole the raphe extends to the chalaza at a point 
about opposite the hilum. The seeds have commonly one or more 
depressions on each side. 

MICROSCOPIC STRUCTURE (Fig. 91).— GodfrinS and Sempol- 
owski^ in their monographs, as well as various authors in their hand 
books, have described this common legume. 

Spermoderm (/S).— Cross sections show: (1) palisade cells {pal) 
up to 185 /X high and 25 /x broad, flattened at the outer end, with a light 
line (1) up to 25 m broad, and with lumen broadening toward the inner 
end; (2) subepidem (svh) of spool-shaped cells up to 75 \jl high and 60 ii 
broad; and (3) parenchyma cells (p), largest in the middle, smallest in 
the inner portion where the tissue is very spongy and compressed. 

The radial walls of the palisade cells, in the inner half, are often thin 
and sinuous, and the lumen contains the dark-colored substance to 
the seed owes its color. 

^ Samenkunde, Berlin, 1885, p. 661. 

2 Foods, etc., London, 1912, p. 529. 

® Soc. kScI. Nancy 1880, p. 109. 

4 Landw. Jahrb. 1874, 3, 823. 
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Beneath the hilum the loosely arranged cells about the krge scler- 
enchyma group are thick-walled; spool- or bone-shaped, resembling the 
subepidermal cells, although much shorter and with dark contents such 
as are contained in the outer parenchyma into which the tissue passes. 

More remote from the hilum, dark 
contents are often present in the 
middle parenchyma. 

Endosperm. — None evident at 
maturity. 

Embryo. — The epidermal cells [ep) 
of the cotyledons (C) show a tendency 
to quadrilateral form. Although often 
two or three times as long as broad, 
they are not of the narrow, strongly 
elongated type of the pea and lentil. 
The mesophyl is of thin-walled more or 
less isodiametric cells throughout. 
Starch grains (am), reaching 65 in 
length; are present in all the cells, 
except those of the epiderm. Among 
the forms are ellipsoidal, reniform, 
rounded-triangular, and nearly spheri- 
cal. R-ifts may or may not be present. 

Chief Structural Characters. 
— Seeds up to 3.5 cm., ellipsoidal, 
often tending toward rectangular, with 
hilum at one end and 5 mrn. or more 
from strophiole. 

Palisade cells up to 185 ju high and 
25 fjL broad; subepidermal cells spool- 
shaped, up to 75 II high and 60 n 
broad. Endosperm lacking, hlpiderinal 
cells of cotyledon only moderately 
elongated; mesophyl thin-walled 
without palisade cells; starch grains 
up to 65 fjL. See also table p, 299. 
CHEMICAL COMPOSITION.— The composition of the beans and 
their products is fully treated by Koehler.* The following figures are 
credited to Oietrich and Kdnig. - 



Fig. 91. — Broad Bean. Seed in 
cross section. S sperm oderm: pal 
palisade cells with I light line; sub 
subt'piclerni; p spongy paren- 
chyma. C cotyledon with ep outer 
epiderm and mesophyl containing 
uni st arch grains. X160. (A.L.W.) 


^ Landw. Vers.-Stat. 1901, 56, 401, 
2 2usam. Verd. Futterin. 1891. 
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Composition of Beoad Bean (Dieteich and Konig) 



Water 

Protein 

Fat 

N“f. ext. 

Fiber 

Ash 

Min. 

7.87 

17.68 

0.81 

41.25 

2.87 

1.73 

Max, 

17.85 

31.54 

3.29 

59.01 

18.17 

4.70 

Aver 

13.49 

25.31 

1.68 

48.33 

8.06 

3.13 


Schulze and Mtoker^ found that the hulls, forming 15.68 per cent 
of the whole seed, contain on the dry basis: protein 7.00, fat 0.98, nitro- 
gen-free extract 37.86, fiber 52.42, and ash 1.74 per cent. 

The following analysis, by Schulze, Steiger, and Maxwell ^ is com- 
parable with those of smooth pea and Spring vetch reported by the same 
authors: true protein 22.81, nuclein (and plastin?) 1.91, glycerides and 
free fatty acids 1.26, cholesterol 0.04, lecithin. 9.81, soluble organic acids 
9.88, sucrose and lupeose 4.23, starch 42.66, paragalactoaraban, etc, 
15.33, fiber 7.15, and ash 2.92; total 100 per cent. 

Composition of Large and Small Beans. — Gwallig^ found that large 
beans regardless of variety or fertihzer are about 10 per cent richer in 
protein and fat but about 20 per cent poorer in fiber than small beans of 
the same crop. Nitrogen-free extract and ash showed smaller differences. 

Proteins. — The proteins, judged by the ultimate analyses of Osborne 
and Campbell'^ as given below, are indistinguishable from those of the 
smooth pea (which see). 


Ultimate Composition oe Beoae-Bean Proteins (Osboene ant Campbell) 



Legumin 

Vicilin 

Legumelin 

Proteose 


I 

ir 

Carbon 

% 

51.72 

% 

52.38 

% 

53.03 

c-f 

‘ /o 

50.24 

<" 

•'f 

49.96 

Hydrogen 

7.01 

7.04 

6.97 

6. 66 

6,76 

Nitrogen 

18.06 

17.52 

16.22 

17.11 

16 95 

Sulphur 

0,39 

O.IS 

1.30 

1,87 

2.75 

Oxygen 

22.82 

22.91 

22.48 

24 12 

2,3. 5.S 


100.00 

100.00 

100.00 

100 OO ' 

100,00 


1 Wolff: ErniUir. Landw. Nutztiere. 

2 Landw. Yers.-Stat. L891, 39, 297. 

2 Landw. Jahrb. 1894, 23, 835. 

J. Am. Chem. 8oc. 1898, 20, 393, 410. 
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Legumin and vicilin formed together about 17 per cent, legumelin 
almost 1.25 per cent, and proteose about 0.5 per cent of the 
bean. 

Eat. — The ether and benzine extracts yielded, in the analyses by 
Stellwaag, ^ respectively : 


Melt. 

Sapon. 

Neutral 

Fatty 

SiCids, 

Patty 

acids, 

Leci- 

XJnsapon. 

pt. 

No. 

fat 

total 

free 

thin 

matter 

Ether extract . . below 10 

188.0 

57.70 

79.93 

9.82 

21.29 

5.92 

Benzine extract 10 

180.4 

80.17 

89.52 

9.70 

4.11 

6.90 


Phosphorus-Organic Compounds, Lecithin . — Schulze and Frank- 
furt^ found 0.81 per cent in the dry matter of the seed. 

Phosphatides and Lecithides , — The work of Magistris and Schafer ^ 
is of interest chiefly because they conclude that no true lecithin is present 
in the cells, the lecithin isolated being a denatured product of the water- 
soluble phosphatides. They designate as phosphatides substances sep- 
arated by dialysis in the cold against water, using a diluted mixture of 
ethyl and caprylie alcohols, and as lecithides substances, resembling 
lecithin, extracted by organic solvents. Phosphatides obtained by 
precipitation with a mixture of ethyl alcohol, methyl alcohol, and acetone 
and by precipitation in the filtrate with calcium chloride contained 
respectively P 2.04 and 1.11, N 1.14 and 2.86, and reducing matter cal- 
culated as dextrose 15.08 and 5.99. Three lecithides extracted by vari- 
ous solvents contained P 1.59 to 3.45, IST 0.89 to 1.70, and reducing mat- 
ter calculated as dextrose 1.98 to 10.94 per cent. 

Phytin . — Prom the results of solubility experiments, employing acid 
and alkaline solutions, Mnicb^ concluded that at certain pH readings 
phytin combines with proteins forming insoluble compounds. 

Enzjunes. — In the variety minor, Blagovyeshchenskii notes that 
the amount of amylase at different stages of development is in general 
correlated with the amount of starch formed, from which he concludes 
that amylase is instrumental in the synthesis of starch. 

iLandw. Vers.-Stat. 1890, 37, 135. 

2 Ibid. 1893, 43, SO. 

3 Biochem. Z. 1929, 214, 401. 

^ Bill, intern, acad. polonaise, Classe sci. math. nat. B, I 1931, p. 123. 

® J. Euss. Phys. Chem. Soc. 1915, 47, 1529. 
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Mineral Constituents.-— An ash. analysis by Wolf! ^ showed as follows; 


Ash 

K,0 

Na20 

CaO 

MgO 

FezOs 

P2O5 

SO3 

SiOj 

Cl 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

3.63 

41.48 

1.06 

1 

4.99 

7.15 

i 

0.46 

38.86 

3.39 

1.78 

0.66 


Minor Mineral Constituents. Mamganme . — Seeds 1.5 mg. per kilo, dry basis 
(Wester).^ Seeds 9.40 mg. per kilo, air-dry basis (Quartaroli).® 

Copper . — Seeds 8.0 mg. per kilo, dry basis (Hirano and Mikiumc).'* Seeds 80.8 
mg. per kilo, air-dry basis (Quartaroli).® 

SPRING VETCH 

Ticda sdtiva X. 

Tr. Vesce, Sp. Alverja. It. Veccia. Ger. Futteiwicke. 

Common or Spring Tetch — the latter is a misnomer as in sections this 
plant is grown as a Winter crop — also known as tare, but not the tare of 
the Bible, grows wild in most parts of Europe, northern Africa, and 
western Asia. It was culti-yated by the Romans. Today it is grown 
extensively in Europe chiefly for green fodder or hay (see Fodder Plants, 
Yol. I) although the ripe seeds are used to some extent for feeding and 
even for human food. The seeds occur in European screenings. 

MACROSCOPIC STRUCTURE. — ^Usually the several-seeded pod 
is hairy, compressed, less than 8 cm, long. Even in the same variety 
the seeds are partly self-colored, varying from light to dark brown, and 
partly spotted or marked with black and two shades of brown. The 
common form is lenticular approaching spherical, up to 5 inm. in diam- 
eter. Some kernels are somewhat elongated up to 6 mm. The narrow 
white hilum is 1.5 to 2 mm. long, the strophiole being less than 1 mm. 
from one end and the micropyle immediately adjoining the other end. 
Neither caruncle nor hilum cushion is present. 

MICROSCOPIC STRUCTURE (Fig. 92). Spennodenn (S).— As 
the inner epiderm is structureless at maturity, the tissues may be classi- 
fied under three heads; (1) palisade cells (pal), up to 70 g high and 13 p 
broad, rounded at the outer end, with cuticle [cut) and light line (Z) ; 
(2) suhepiderm (sub) of spool- or capstan-shaped cells up to 27 p high 
and 40 ii broad, with strongly ribbed and thickened radial walls and 

1 Aschenanalysen. 
sBiocbem. Z. 1921, 118, 158. 
s Ann. chim. appl. 1928, 18, 47. 

^J. Pbarm. Sac. Japan 1925, 625, 992. 
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pitted inner tangential walls, containing cMorophyl grains; and (3) 
'parenchyma varying from normal cells (pO? small intercellular 
spaces, containing cliloropliyl grains, to spongy parenchyma (p^), and 
finally, in the inner portion, to compressed spongy parenchyma (p®). 

The color is due to contents of the palisade cells, present chiefly in 
the inner broadened cavity, also in a zone directly beneath the light line. 

Brown coloring matter is also present in 
the spool- or boned-shaped cells present 
beneath the hilum slit about the scleren- 
chyma group. These cells, although 
forming a continuation of the outer paren- 
chyma, are more like the snbepidermal 
cells in form and like them have thick, 
ribbed walls. 

Endosperm.— Not evident. 

Embryo. — As in the pea, the epiderm 
(ep) of the cotyledons (C) consists of 
Q narrow, tangentially elongated cells, but 
their arrangement in parquetry-like 
groups is not pronounced. The isodi- 
ametric cells of the mesophyl are porous 
(beaded), although less distinctly so than 
in the common pea. Starch grains (am) 
up to 55 jii, of various irregular shapes, 
with or without rifts, are the conspicuous 
contents. The compound nature of the 
grains is often well marked. 

CHrEP Structural Chaeactees. — 
Seeds lenticular to nearly globular, up to 
6 mm.; brown, black, or mottled; hilum 
up to 2mm. 

Palisade cells up to 70 /x high and 13 p, broad, with rounded outer 
ends; subepiderm up to 27 n high and 40 ix broad, spool-shaped. Meso- 
phyl of cotyledons beaded; starch grains irregular, compound, or half- 
compound, up to 55 IX, with or without rifts. See also table p. 2fl9. 

CHEMICAL COMPOSITION.— In Dietrich and Kdnig’s compila- 
tion ^ the summary given appears on the next page. 

Koehler, in his monograph on peas, beans, vetches, and their mill 
products,^ gives additional results on the composition of this and other 
species of vetch including French vetch (V, narbonensis L.), which has 
not found favor in the llnited States. 

u Verd. Futterm. 1891. 2 Landw. Vers.-Stat. 1901, 66, 401. 



Fiq. 92.-— Spring Vetch. Seed 
in cross section. S spermoderm : 
pal palisade cells with cut cu- 
ticle and I light line; sub sub- 
epiderm; chlorophyl paren- 
chyma; spongy parenchyma; 

compressed parenchyma. C 
cotyledon: ep outer epiderm; 
am starch grains. X 160. 

(K.B.W.) 
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Composition of Sprmq Vbtcm Seed (Deetrich aite Konio) 



Water 

Protein 

Pat 

17-f. ext. 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

Min 

8.99 

21.35 

1.26 

50.10 

5.60 

2.35 

Max 

16.09 

28.13 

2.70 

57.06 

7.17 

4.60 

Aver .. 

13.28 

25.90 

1.T7 

49.80 

€.02 

3.23 


An analysis including tie constituents less often determined, made 
by Scinlze, Steiger, and Maxwell,^ follows: true protein 25.46, nuclein 
(and plastin?) 2.33, glycerides and free fatty acids 0.91, cholesterol 0.06, 
lecithin 1.22, soluble organic acids 0.50, sucrose and lupeose 4.S5, starch 
36.30, paragalactoaraban, etc. 20.58, fiber 4.89, and ash 2.90; total 
100 per cent. (See Smooth Pea.) 

Proteins. — Osborne and Campbell^ found in the seed the fallowing 
approximate amounts of proteins: hgumin 10 per cent, vidlin trace, 
legumelin 1.5 per cent, and proteose 0.5 per cent. These proteins had 
practically the same ultimate composition and properties as those in the 
pea, lentil, and broad bean. 

Ultimate Composition op Proteins op Spring Vetch (Osbosnb and Campbell) 



Legumin 

Legumelin 

Proteose 

Carbon 

% 

51.69 

% 

53.31 

% 

50.85 

Hydrogen 

6.99 

6.97 

6.75 

Nitrogen 

18.02 

16.24 

16.65 

Sulphur 

Oxygen 

0.43 

22.87 

1.111 
22.37 J 

25.75 


100.00 

100.00 

100.00 


Fat. — The figures of Stellwaag^ on the ether and benzine extracts are: 



Melt. 

Pt- 

Sapon. 

No. 

Neutral 

fat 

Fatty 

acids, 

total 

Fatty 

acids, 

free 

Leci- 

thin 

i 

Undeter- 

mined 

matter 


“C. 


% 

% 

% 

Cl 

/o 

Cf 

/o 

Ether extract. . 

13 

183.6 

52.16 

80,87 

14.81 

22.94 

7.14 

Benzine extract. 

12 

183.6 

61.26 

80,80 

16.73 

7.65 

9.23 


1 Landw. Yers.-Stat. 1891, 39, 297. 

2 J. Am. Chem. Soc. 1896, 18, 609; 1898, 20, 406, 410. 

3 Landw. Vers.-Stat. 1890, 37, 135. 
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Phosphorus-Organic Compounds. Lecithin . — Schulze and Eranh- 
furt ^ found 1.22 and 0.74 per cent in the dry matter of two samples of the 
seed. 

Mineral Constituents.— An analysis given by Wolff ^ of the ask of 
Spring vetch shows the following percentages of the common constitu- 
ents: 


Ash 

KaO 

]Sra20 

CaO 

MgO 

Fe203 

P 2 O 6 

SOa 

SiOa 

Cl 

% 

3.10 

% 

30.14 

% 

7.86 

% 

8.03 

% 

8.95 

% 

1.27 

% 

37.35 

% 

3.69 

% 

2.71 

% 

1.31 


Minor Mineral Constituents. Mangmese . — Seeds 1.5 mg. per kilo, dry basis 
(Wester).® Parts of 2 saiuples of retch (species not stated) contained: seeds 10 and 
— , pod 6 and — , blooms 17 and — , leaves 33 and 27, stems 11 and 8 nag. per kilo 
dry matter; hay, 15 samples, contained 17 to 53, arer. 42 mg. per kilo, air-dry basis 
(Jones and BiiUis).^ 

Zinc . — Seeds 23 mg. per kilo, air-dry basis (Bertrand and Benzon).® 

Todine . — Seeds none (Winterstein).® 


WINTER VETCH 

Vicia villosa Roth. 

Ger. Winterwicke. 

The name Winter vetch is used because the plant withstands the 
northern climate better than Spring vetch. There are, however, Winter 
varieties of 7. sativa. Hairy vetch, another name, is also unfortunate 
since the pod is nearly smooth while that of V. hirsuta is rough hairy. 
The leaves and stem although hairy are not much more so than V. saiim 
(see Tedder Plants, Volume I). 

MACROSCOPIC STRUCTURE. — Except in size (up to 4.5 mm.) 
the seeds are like those of Spring vetch, varying from dark to light, either 
self-color or mottled. 

MICROSCOPIC STRUCTURE. — As in Spring vetch, except that 
the palisade cells reach 80 ^ in height and 11 in breadth. 

1 Landw. Vers.-Stat. 1893, 43, 307. 

2 Aschenanalysen. 

^ Biochem. Z. 1921, 118, 158. 

^ J. Ind. Eng. Chem. 1921, 13, 524. 

®Bul. soe. hyg. aliment. 1928, 16, 457. 

® Z. physiol. Chem. 1918, 104, 54. 
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Chief Steucttjeal. Chaeactehs. — ks m Spring \retcli, except for 
the smaller size of the seeds and the somewliat higher palisade cells. 
See also table p. 299. 

NARHOW-LEAVED VETCH 

Yida angustijclia L. 

Ger. Sehmalwicke. 

Grain fields of Minnesota and adjacent regions are infested with 
Yetch, known in that region as wild pea.^^ The seeds are particu- 
larly objectionable in wheat as they cannot be entirely removed by 
screens and injure the flavor of flour. Oswald ^ found that vetch was 
present in 6 per cent of 218 samples of seed wheat, 7.25 per cent of 193 
samples of oats, 15.5 per cent of 97 samples of barley, and 16.7 per 
cent of 12 samples of rye. In private correspondence he states that 
Y . angustifolia is the common species in Minnesota, having been first 
introduced from southeastern Europe into the eastern section of the 
United States. He adds that it is most prevalent during a wet season. 

The authors are further indebted to Professor Oswald for authentic 
material. 

MACROSCOPIC STRUCTURE. — ^Except for size the appearance of 
the seed (Fig. 93) is like that of the foregoing species. Although variable, 
some seeds being twice the diameter 
of others, the maximum diameter 
seldom exceeds 3.5 mm. 

MICROSCOPIC STRUCTURE. Fig. 93. ^ mrroF-Leaved Vetch. 
— As in Spring vetch, except that Seed, x 2. (Alf.W.) 

the snlepidermal cells are lower (up 

to 16 }i) and the starch grains seldom exceed 45 /x. See also table p. 299. 

Chiee Steuctxjiial Characters. — Seeds and starch grains smaller 
and suhepidermal cells lower than in either Spring or Winter vetch ; in 
other respects the same. 

CHEMICAL COMPOSITIOH. — Gortner^ reports the following 
analysis of the air-dry seed : 


Composition of NTaebov-Leaved Vetch (Goetner) 


Water 

Protein 

Fat 

N-f. ext. 

! 

Fiber 

1 

Ash 

% 

% 

% 

% 

% 

/C 

9.55 

24.06 

2.46 

48.58 

11.25 

3.10 


L Minnesota Agr. Exp. Sta, 1912, Bui, 127, 144. 
‘ Breeders' Gaz. 1920, 7T, 1230. 
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The same author found that the sample yielded 0.0033 per cent of 
hydrocyanic acid (3.3 mg. per 100 gram), hut in feeding experiments with 
pigs and lambs no injurious eJhects were noted. 

Glucoside. — In a study of viciardn and its diastase Bertrand 
and RiTkind ^ tested the seeds of 00 species of legumes of which only 
those of Vida angustifolia Roth, and V. macrocarpa Bertol. contained 
both the glucoside and its diastase, although most of the seeds contained 
the diastase. 


ROirGH HAIRY VETCH 

Vida hirmta Koch. 

Ger. Rauhhaarige Wicke. 

Vogl^ giwes the seeds of this species special prominence as it occurs 
with y. Cracca L. (perennial Yetch) and F. sativa L. in European grain. 
The plant grows also in the United States, having been introduced from 
Europe. The designation rough hairy refers especially to the pods. 
The following statements are based on VogTs description. 

MACROSCOPIC STRUCTURE.— Length 2.5 mm.; color various 
combinations of green, brown, red, and black. 

MICROSCOPIC STRUCTURE.— cells, up to 50 /4; suh 
epiderm, up to 8 ju; starch grains, up to 27 jlc, ellipsoidal, kidney-shaped, 
etc., showing often in YogFs illustration the well-marked individuals 
forming the aggregates. 

Chief SraucTiiEAn Chaeactees. — Seeds and starch grains smaller 
than in the foregoing species of Vida, See also table p. 299. 

SMOOTH PEA 

Pisum arvense L. = P. sativum var. arvense Poir. 

Fr. Pois. Sp. Guisante. It. Pisello. Ger. Erbse. 

De Candolle regards the field pea, characterized by its smooth seed, 
as a native of Italy where it still grows wild. By a reversal of logic, 
this wild form now is assigned by some a varietal name while the wrinkled 
garden pea, which is more probably the product of artificial breeding, is 
regarded as the type. 

A number of varieties, developed for cooking at the succulent stage, 
are smooth-seeded and consequently belong morphologically in the 

1 Compt. rend, 1906, 143, 970- 

2 Wicht. Nahx.-Genussm., Berlin, 1899, p. 56. 
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field pea group. Among these are certain early varieties such as 
Alaska, Electric, Eight Weeks, and Eureka, also the late garden variety 
Marrowfat — the true variety and not a certain size regardless of variety 
designated by canners as ‘^Marrowfat — and the small-seeded French 
Canner {petiU pois). In fact the microscopic characters of the starch 
indicate that all smooth-seeded shell peas, whether grown for the mature 
seed or for forage on the one hand or for cooking at the succulent stage 
on the other, belong under P. arvmse and all wrinkled peas under 
P. sativum. The classification according to color of flower and seed, 
surface of seed, and height of plant, given hy Harz,^ although instructive, 
lacks scientific basis. 

Smooth varieties, classed as Canada field peas, are grown for the seeds, 
for forage, and for soiling. Split peas axe used for soups, and flattened, 
roasted peas are a common coffee substitute. 

MACROSCOPIC STRITCTITRE. — It is a common statement that the 
Slcuer of the field pea is colored while that of the garden pea is white. 
This is not a universal rule. In the Canada pea, 
grown by the authors, the flower is white or nearly 
so. The pod and md (Fig. 94) are like those of 
the wrinkled pea except that the seed is well 
rounded and free from wrinkles, hence the terms 
“ smooth or round.'’ Commonly the seed 
is buff or green but in some varieties it is brown or dark red. 

Both smooth and wrinkled peas have the following characters: 

(1) prominent funicvlus, often 3 to 4 mm. long, broadened at the end, 

(2) oval hiluTu with a sht through its longest diameter, (3) caruncle and 
Jiilum cushion absent, (4) stropMole consisting of a slight elevation seen 
under a lens at about one-eighth of the circumference from the hilum 
slit, (5) raphe e:?(tending from the hilum and beneath the strophiole to 
the chalaza, (6) microp-yle close by the other end of the hilum slit, and 
(7 ) outline of the beak-like radicle, with its end near the micropyle, show- 
ing through the spermoderm. 

After removal of the skin, formed by the spermoderm and perhaps 
traces of the endosperm, the cotyledons are seen to form two hemi- 
spheres, somewhat distorted by the short recurved radicle. 

MICROSCOPIC STRUCTURE. — Several microscopists, beginning 
with Pringsheim,^ have described the structure of the mature pea. 

Spermoderm (Figs. 95 and 96).— The three layers are : (1) palisade 
cells (pal, pal\ paF), or outer epiderm, up to 90 /i high and 20 broad, 
with a narrow Light line (J) beneath the thin cuticle; (2) suhepiderm 


Fig. 04. — Smooth Pea. 
Seed X2. (A.L.W.) 


^ Samenkunde, Berlin, 1885, p. 646 et seq. 
® Inaug. Dis., Halle, 1845. 
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(sul, sub\ mh^) of cells up to 25 aj Mgli and 50 n broad, of spool-shape 
form with ribs more or less eTident, especially in surface mounts or after 
cautious maceration with sodium hy- 
t--~‘(pTCTlpp^^ ' drojdde; and (3) parenchyma {p, p^, p^) 
l ij j !.' hii 1 of cells which from without inward de- 

'1 1 ^ 1 1 1 i H i ^ ’ n I crease in size and have increasingly large 

intercellular spaces. 

; I lumen of the palisade cells is 

J narrow and smooth in the outer two- 
_ thlrds, brcsder and wrinkled in the inner 
portion. 

^J 3 )’ Beneath the hilum, where as in other 

C^Vx legumes the palisade layer is double, the 

y 0 cells surrounding the selerenchyma group 
^ are thick-walled, bone-shaped, and, in 

the common varieties without colored 
I contents or conspicuous ribs. 

Endosperm and Perispeim.—Not evi- 
IFig. 95.--Smooth Pea. Seed in dent. 

cross section. S spermoderm : Embryo.—The cotyledons (Fig. 95, C) 

pd palisade cells with Z light of (1) two epiderms of narrow, 

line: sub subepiderm of hour- , „ , , , „ ,, 

gte cells; p parenchyma. C elongated cells, often m 

cotyledoa with uni starch grains, parquetry-like groups (Fig. 96, C); and 
X 160. (A.L.W.) (2) a mesophyl, throughout of isodiamet- 

ric, very indistinctly porous-walled cells, 
with small intercellular spaces at the comers, containing starch grains 
(cm), up to 50 /i. The typical grains are aggregates or semi-aggregates 






Tig. 95.--Smootb Pea. Seed in 
cross section. spermoderm: 
pd palisade cells with I light 
line; sub subepiderm of hour- 
glass cells; p parenchyma. C 
cotyledoa with am starch grains. 

X 160. (A.L.W.) 



Fig. 96. — Smooth Pea. Elements of seed in surface view. Spermoderm: paP 
palisade cells seen from above; pd^ palisade cells seen from below; sub^ subepi- 
derm (hour-glass cells); sub^ subepiderm after maceration seen from side; 
outer and p^ inner parenchyma; fv fibro-vascular bundle elements. C outer 
epiderm of cotyledon. X 160. (KB.W.) 
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with irregular swellings eorresponding to the component grains. At 
maturity no distinct lines separating the individual grains are evident, 
although lines may be seen at the earlier stages. Axial rifts such as 
occur in bean starch (which see) or rifts separating the individual 
grains such as occur in the starch of the wrinkled garden pea 
(which see) are tinusnaL 

The crosses formed with polarized light are the best means of dis- 
tinguishing the individuals. The forms of the aggregates include irreg- 
ularly ellipsoidal, kidney-shaped, trefoil-shaped, etc. 

Chief Structural Ceaeacters. — Seed smooth, well rounded; 
hilum oval; strophiole and micropyle evident under a lens. 

Palisade cells up to 90 }i high, with narrow light line and thin cuticle; 
snbepidermal cells, up to 25 (x high, spool-shaped with ribs often evi- 
dent. Endosperm not evident. Epidermal cells of cotyledons par- 
queted; mesophyl cells without distinctly beaded walls; starch grains 
up to 50 ju, half-compound, irregularly rounded, with few rifts. See 
also table p. 299. 

CHEMICAL COMPOSmOH.-The analyses reported by Ballandi 
and by Atwater and Bryant, ^ given below, doubtless axe of smooth peas. 


Composition’ op Dbibd Peas 



Samples 

Water 

Protein 

Fat 

K-f. ext. 

Fiber 

Ash 



% 

% 

% 

% 

% 

% 

Ball and : 








Min 


10.60 

18.88 

1.22 

56.21 

2.90 

2.26 

Max 


14.20 

23.48 

1 .40 

61.10 

5.52 

3-50 

A. and P. : 

8 







Min 


6.9 

20.4 

0.8 

58. 0=* 

1.2 

2.2 

Max 


15.0 

28.0 

1 .3 

64.4* 

7.9 

4.3 

Aver 


9.6 

24.6 

i 

1.0 

62.0* 

4.6t 

2.9 


* Total carbohydrates, "t 2 analyses. 


The analyses in Konig’s compilation show a similar range. 

Additional results on the composition of peas, as well as beans and 
vetches, and their products appear in Koehler’s monograph. ^ 

Schulze, Steiger, and Maxwell^ made the following extensive analysis 

1 Compt. rend. 1897, 125, 119. 

* U. S. Dept. Agr., Off. Exp. Sta. 1906, Bui. 28 rev. 

* Landw. Vers.-Stat. 1901, 66, 401. 

^ Ibid. 1891, 39, 297. 
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of the pea: true protein (total nitrogen, less nuclein and lecithin nitro- 
gen, X 6) 21.50, nuclein (and plastin?) 1.14:, glycerides and free fatty 
acids 1.87, cholesterol 0.06, lecithin 1.21, soluble organic acids 0.73, 
sucrose and lupeose 6.22, starch 40.49, paragalactoaraban (paragalactan 
of earlier paper) etc. by difference 17.29, fiber 6.03, and ash 3.46; total 
100 per cent. 

Composition of Large and Small Peas. — Marek^ notes that the pro- 
portion of cotyledons (93.04 per cent) in large peas was higher than in 
small peas (90.38 per cent) and that the protein was more than 1.5 per 
cent lower and of fiber more than 2 per cent higher on the same water 
basis, the other constituents being only slightly different. 

Gwallig^ in more extensive experiments found that in one variety the 
large kernels had a distinctly higher protein content than the smaller, 
but in another variety, although in all comparisons but one the advan- 
tage was in favor of the large peas, the difference was slight. 

Dubois (see ‘Wrinkled Pea), who analyzed fresh green peas of two 
varieties, one (Alaska) of the field or smooth species, the other (Admiral) 
of the garden or wrinkled species, of different sizes and presumably 
degrees of ripeness, was unable to establish any definite relation between 
size and protein content. 

Pea Meal. — Analyses made at INTew Jersey, New York, Massachu- 
setts, and Wisconsin Experiment Stations from 1885 to 1888^ show the 
following average composition: water 19.46, protein 20.23, fat 1.19, 
nitrogen-free extract 51.10, fiber 14.38, and ash 2.64 per cent. 

Pea Hulls. — Analyses of pea hulls, summarized by Bohmer,^ show 
as low as 7.1 and do not exceed 8.0 per cent of protein. The average of 
2 analyses of pea bran in the compilation of Lindsey, Smith, and Beals ^ 
is: water 11.0, protein 10.0, fat 1.0, nitrogen-free extract 35.6, fiber 
39.7, and ash 2.7 per cent. 

Green Peas and Canned Peas. — See "Wrinkled Pea. 

Proteins.—According to Osborne and Campbell® the proteins of the 
pea, as well as of the lentil, the vetches, the broad (horse) bean, and 
some other legumes, are: (1) leguminj a globulin, the chief protein, 
(2) vicilin^ another globulin forming with the legumin about 10 per cent 
of the seed, (3) legumeUn^ with certain properties of a globulin but more 
properly classed as an albumin, forming about 2 per cent of the kernel, 

^ Landw. Vers.-Stat. 1876, 19, 42. 

2 Landw. Jahrb. 1804:, 23, 835. 

3 U. S. Dept. Agr., Off. Exp. Sta. 1892, Bui. 11. 

* Kraftfuttermittel, Berlin, 1903, p. 320. 

Massachusetts Agr. Exp. Sta. 1919, Spec. Bui. 

» J. Am. Chem. Soc. 1896, 18, 583; 1898, 20, 348, 410. 
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(4) prctoproteose, and (5) deuteroproteose, the proteoses together occurriDg 
to the extent of about 1 per cent. 

Legumin was discovered by Einhof^ in peas and beans and was 
erroneously regarded by Liebig ^ as the same as casein. Ritthausen^ 
used at first weak alkali and later salt solution for its extraction, the 
latter yielding a preparation practically identical with those of Osborne 
and Campbell obtained fifteen years later. 

Legumin is insoluble in water but readily soluble in 2 per cent salt 
solution although less so in weaker solutions. In 1 per cent salt solu- 
tion it is sparingly soluble. 

Hammarsten^ designates as a-Ugumin the substance soluble in dilute 
salt solution which is prepared by dialyzing the salt extract and as 
b4egumin the insoluble substance, apparently an acid metaprotein/’ 
such as was prepared by Rittbausen by precipitation of the alkali 
extract with acetic acid. This acid compound differs in properties from 
that formed by a-legumin with acids and does not appear to have been 
formed from a-legumin. 

Vicilin is insoluble in water. It is much more soluble in salt solution 
than legumin. The liquid in 10 per cent salt solution becomes turbid 
at 90° to 95® C. and almost completely coagulated when heated for a 
time at 100° C. The sulphur content is low — the lowest in any known 
protein. 

Legumelin is soluble in water and coagulable, although no definite 
point of coagulation can be stated owing to the great influence of salts 
or acids as well as the proportions of this protein in the solution. Os- 
borne and Harris® note the resemblance of legumelin to tbe leucosin 
of wheat and regard it as a tissue, not a reserve, protein. 

Ultimate Ccmposition. — The results on legumin, vicilin, and legu- 
melin, tabulated on the next page, differ little from those on the corre- 
sponding proteins of the lentil, vetch, and broad bean. 

Amino Acids of Pea Proteins. — Osborne and Clapp® and Osborne 
and HeyF report results on material prepared by Osborne and Harris 
using tbe fractional ammonium sulphate precipitation method^ as shown 
in the second table on the next page. 


U. d. Chem. 1806,6, 115, 542. 

2 Ann. Chem. Pharm. 1S41, 39, 129. 

praht. Chem. 1S68, 103, 65, 193, 273; 1881, 24, 221; 1881, 26, 504. 
physioL Chem. 1918, 102,85. 

BJ. Biol. Chem. 1907, 3, 213. 

« Ibid. 1907, 3, 219. 
nbid. 1908, 5, 187, 197s 
8 Ibid. 1907, 3, 213. 
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Hitthausen 

Osborne and Campbell 

Legumin 

Legumin 

Vicilin Legumelin 

® proteose 

Deutero- 

proteose 


% 

% 

% % % 

% 

Carbon 

51.60 

52.20 

62.36 63.31 50.24 

49.66 

Hydrogen 

6.96 

7.03 

7.03 6.99 6.76 

6.78 

Nitrogen 

18.26 

17.90 

17.40 16.30 17.35 

16.57 

Sulphur 

0.33 

0.39 

0.18 1.06 1.25 

1.40 

Oxygen 

22.48 

22.48 

23.03 22.34 24.40' 

25.69 


Peoducts or Hydeolysis of Pea Proteiuts 


Legumin 

Vicilin 

Legximelin 

Osborne 

Osborne 

Osborne 

and Clapp 

and Heyl 

and Heyl 


Glycocoll 0.38 0.0 0,50 

Alanine 2.08 0.50 0.92 

Valme ? 0.15 0.69 

Leueine 8.00 9.38 9.63 

Serine 0.53 

Cystine 

Aspartic acid . 5.30 5.30 4.11 

Glutamic acid 16.97 21.34 12.96 

Tyrosine 1.55 2.38 1.66 

Phenylalanine 3.75 3.82 4.79 

Proline 3.22 4.06 3.96 

Tryptophane. .j. -j_ 4 - 

Arginine 11.71* 8.91 5.45 

Lysine 4.98* 5.40 3.03 

Histidine 1.69* 2.17 2.27 

Ammonia 2.05* 2.03 1.26 


62.21 65.44 51.13 

* Osborne and Heyl. 

JoneS; Gersdorff, and Moeller^ obtained the following figures on 
cystine and tryptophane respectively: legamin 0.83 and 1.76^ vicilin 
0.57 aad 0.15 percent. 


Biol. Chem. 1924, 62, 183. 
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Fat. — Stellwaag^ has examined the ether and benzine extracts of 
peas, beans, and yetch, but some of the more important values such as 
specific grayity, refractive index, and iodine number were not deter- 
mined. His results on the field pea follow: 


Melt. 

pt. 

Sapon. 

lio. 

Heutrai 

fat 

Fatty 

acids, 

total 

Fatty 

acids, 

free 

Leci- 

thin 

Unsapon. 

matter 

Ether extract, below 10 
Benzine extract. 10 

188.90 

186.50 

58.70 

74.00 

87.61 

87.67 

11.32 

11.95 

27.37 

6.95 

7.37 

8.11 


The percentage of lecithin in the fat is abnormally high; neverthe- 
less it represents only about a third of the amount Schulze and Frank- 
furt ^ found in the whole seed. 

Acids. — From the alcohol extract of peas of the Alaska variety 
Jodidi^ isolated citric acid equivalent to 0.36 per cent on the dry basis. 

Carbohydrates. — The percentages of the diferent groups, as deter- 
mined in 1891, are given in the general analysis by Schulze, Steiger, and 
Maxwell above. 

Reducing jSugars , — Data on the reducing sugars either in the green 
or the ripe pea are not at hand. In canned or otherwise cooked peas, 
the reducing sugars are largely the result of inversion of the sucrose or 
other non-reducing carbohydrates. 

Lupeose, Stachyose, and Paragalactoamban . — See Yellow Lupine. 

Galactose . — See Common Bean. 

Hemicellzdcses are abundant in the hulls of peas. Schulze and 
Pfenninger^ found 18.4 per cent when unripe and 33.8 per cent when ripe. 
On hydrolysis of the hemieellulose, they obtained levulose, galactose, and 
arabinose from the hulls of unripe seeds but only levulose and galactose 
from the hulls of ripe seeds. 

Phosphorus-Organic Compounds. Lecithin . — See Eat. 

Schulze and Frankfurt^ found in the ripe and unripe seeds respec- 
tively 1.23 and 0.50 per cent of lecithin. 

Mineral Constituents.— The percentages of the common ingredients 
of the ash are shown in the following analysis given by VYolff:® 

1 Landw. Yers.-Stat. 1890, 37, 135. 

2 Ibid. 1893,43, 30. 

8 J. Am. Chem. Soc. 1933, 56, 4663. 

* Z. physiol- Chem. 1910, 68, 93. 

^ Loc. cit. 

® Aschenanalysen. 
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CoMPosiTXON OP Pea Abh (Wolpf) 


K 20 

NaaO 

CaO 

MgO 

FesO. 

P 2 O 5 

SO, 

SiOa 

Cl 

% 

% 

% 

% 

% 

% 

% 

% 

% 

43.10 

0.98 

4.81 

7.99 

0.83 

35.90 

3.42 

1 

0.91 

1.69 


Minor Mineral Constituents. — The results are on both smooth and wrinkled 
peas. 

Iron . — Dried peas 56 to 60 mg. per kilo (Bunge) A Dried peas, smooth 48, 
wrinkled 64 mg. per kilo (Sherman). ^ Peas, Alaska 70, Gradus 138, Telephone 80 
mg. per kilo, dry basis (McHargue).® Green peas 17.7 mg. per kilo, fresh basis 
(Peterson and Elvehjem).^ Green peas, 2 samples, 12.7, 16.8 mg. per kilo, fresh 
basis (Toscani and Eeznikoff).® 

Blunt and Otis ® found that the loss of iron on boiling fresh wrinkled peas was 
36 per cent of the whole. 

Aluminum . — Green peas 3.1 mg. per kilo, fresh basis (Underhill, Peterman, Gross, 
and Krause).’ Green peas 1 mg. per Mlo, dry basis (Bertrand and L6vy). * 

JfaTi^anese.— Smooth pea, seeds 11, blooms 21, leaves 38, stems 14 mg. per 
kilo, dry basis; hay, 6 samples, 20 to 52, aver. 33 mg. per kilo, air-dry basis (Jones 
and Bullis).® Peas 0.4 mg. per kilo, dry basis (Wester).^** Green peas, Alaska 12, 
Gradus 14, Telephone 10 mg. per kho, dry basis (McHargue) A Peas S.3 mg. per kilo, 
air-dry basis (Quartaroli).^^ Split peas 30.7 mg. per kilo, dry basis (Peterson and 
Skinner). 

Copper , — ^Wrinkled peas, green, seed 11, pods 9.5; same peas 20 days later, ripe 
and dry, seed 11, pods 4 mg. per kilo, dry basis (Mcquenne and Demoussy).^^ Peas 
7.2 mg. per kilo, fresh basis (Gu^rithault).^^ Peas 8.8 mg. per kilo, air-dry basis 
(Quartaroli).^® Peas, green 2.4, split 14.0 mg. per kilo, fresh basis (Lindow, Elvehjem, 
and Peterson).^® 

Zinc . — Dried peas 34.5 mg. per kilo, air-dry basis (Birckner).!^ Green peas 40.1 

1 Z. physiol. Chem. 1884-5, 9, 49. 

®U- S. Dept- Agr., Off. Exp. Sta. 1907, Bui. 186. 

»J. Agr. Ees. 1923, 23, 395. 

* J. Biol. Chem, 1928, 78, 215. 

fij. Nutrition 1934, 7, 79. 

® J. HomeEcon. 1917, 9,213. 

’Am. J. Physiol. 1929, 90, 72. 

® Bui. soc- hyg. aliment. 1931, 19, 359. 

» J. Ind. Eng. Chem. 1921, 13, 524. 

Biochem. Z. 1921, 118, 158. 

11 Ann. chim. appl. 1928, 18, 47. 

12 J. Nutrition 1931, 4, 419. 

1® Compt. rend. 1920, 170, 87. 

1 ^ Bui. soc. hyg. aliment. 1927, 16, 386. 

15 Ann. chim. appL 1928, 13, 47. 

18 J. Biol. Chem. 1929, 82, 465. 

Ibid. 1919, 38, 191. 
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to 51.7 BQg. per kilo, dry basis (Hubbell and Mendel).^ Peas 44.5 mg. per kilo, air- 
dry basis (Bertrand and Benzon).® 

Arsenic . — Seeds 0.26 mg. per kilo (Jadin and Astrtic).^ 

Iodine . — Seeds none (Winterstein).^ Xegtiminous seeds less tban 1.5 nag. per kilo 
(Bohn). 5 

Boron. — Peas absorb a relatively large amount from the soil (Cook).® 


WRINKLED PEA 

Fisum sativun L. 

The taxonomy of wrinkled and smooth poas, both of which are used 
as green seed vegetables, is discussed in the preceding section. Proba- 
bly a native of western Asia, this vegetable appears to have been carried 
to Europe as early as the time of the Lake Dwellers. It is now grown 
the world over. 

In the canning industry the whole plant is cut, the seeds being sepa- 
rated and graded according to size by a machine known as the viner. 
The smaller sized and more delicate seeds, in the same lot and variety, 
are less mature than the larger. Size of peas, however, is not a uni- 
versal criterion of development since in some varieties the mature pea 
is small. Soaked mature peas are canned to some extent. 

MACROSCOPIC STRrCTXIRE. — Passing by the variations in size 
and shape, the characters of the pod common to all varieties are: (1) the 
tendency to curve outward on the dorsal edge, (2) the short blunt point, 
(3) the conspicuous dehiscence slit on the ventral (suture or seed-bear- 
ing) edge between the ribbed margins of the carpellary leaf, (4) the mid- 
rib on the dorsal edge, and (5) the reticulated veining. Except for the 
wrinkles the seed is like that of the smooth pea. 

MICROSCOPIC STRUCTURE. — The statements made herewith 
are based on an examination of mature seeds of the following representa- 
tive wrinkled varieties grown in the United States, arranged approxi- 
mately according to height, beginning with the lowest: Eliss' American 
Wonder, Sutton’s Excelsior, Nott’s Excelsior, Burpee’s Blue Bantam, 
Little Gem, Laxtonian, Advancer, Gradus, Yorkshire Hero, Bliss’ 
Everbearing, and Telephone. 

Spermoderm. — Structure as in smooth pea. 

Embryo. — As in the smooth pea, the cell walls of the cotyledon are 

1 J. Biol. Chem. 1927, 76, 567. 

2 Bui. soc. byg. aliment. 1928, 16, 457. 

® Compt. rend- 1912, 164, 893. 
physiol. Cbem. 1918, 104, 54. 

6 J. Biol. Chem. 1917, 28, 375. 

6J. Agr. Res. 1916, 6, 877. 
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very indistinctly porous. Of eleven varieties named above, one (Blue 
Bantam) agrees with the smooth pea in having numerous semiaggregate 
starch grains (usually mistaken for simple grains); the remaining ten 
have true aggregates, differing from semiaggregates in that (1) they are 
more irregular in shape with more pronounced rounded excrescences, 
(2) they show rifts and lines of separation between the component grains, 
and (3) the individuals sometimes separate from the aggregates. Polar- 
izing apparatus serves to bring out the individuals of the aggregates, 
although the polarization of the immature grains is weak and the 
presence of the rifts often obscures the crosses. 

The character of the starch grains in immature smooth peas is much 
like that in mature wrinkled peas. This suggests that the wrinkled pea, 
although fertile, is either gathered when immature or is incapable of 
reaching the same degree of development as the smooth variety. The 
wrinkles on the kernels also suggest underdevelopment. The same logic 
applies to sweet corn, which has partially developed starch grains and 
wrinkles on the kernels. 

Chief Structurai Characters. — Seed deeply wrinkled, otherwise 
as in smooth pea. 

Cell structure like that of smooth pea at the same stage of develop- 
ment. Starch grains in true aggregates. See also table p. 299. 

CHEMICAL COMPOSITION. Green Peas. — Atwater and Bryant ^ 
report an average of 45 per cent of pod in the unshelled peas and the 
range and average composition of the kernels as shown in the table 
which follows: 



Water 

Protein 

Pat 

N’-f. exi* 

Ash 


% 

% 

% 

% 

% 

Min 

71.6 

4.4 

0.3 

13.4 

0.9 

Max 

78.1 

8.0 

0.6 

18.9 

1.2 

Aver 

74.6 

7.0 

0.5 

16.9* 

1.0 


* Includes fiber. 


Bitting,^ incidental to descriptions of canning processes, reports 
analyses of shelled peas separated into three grades for size, known as 
petits pois, sifted, and marrowfat, irrespective of horticultural variety, 
and into tliffee sub-grades for quality as determined by density, Pirst 
quality peas float in salt solution of specific gravity 1,04; second quality 
float, and third quality sink, in salt solution of specific gravity 1.07. 

^ XJ. S. Dept. Agr., Off. Exp. Sta. 1906, Bui. 28 rev. 

^ Ibid. Bur. Chera. 1909, Bui. 126. 
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Composition ot Peas Graded for Size and Quaditt (Bitting) 


Grade 

Solids 

Protein 

Su- 

crose* 

Starch 

Pen- 

tosans 

Fiber 

Ash 

Undeter- 

mined 


% 

% 

% 

% 

% 

% 

% 

% 

Petits pois: 









First 

14.23 

3.44 

0.72 

5.57 

0.75 

1.68 

1-03 

1.04 

Second 

18.80 

4.19 

0.93 

8.53 

0.92 

1.84 

1.78 

0.61 

Third 

18.44 

4.41 

0.82 

8.53 

0.94 

2.28 

1.82 

0.36 

Sifted: 









First 

22.06 

5.31 

0.99 

10.23 

0.96 

2.21 

1.36 ; 

1.01 

Second 

24.32 

5.69 

0.57 

11.52 

1.01 

2.05 

1.04 

2.44 

Third 

27.74 

5.63 

0.48 

13.52 

l.SO 

2.18 

1.37 

3.06 

Marrowfat; 









First 

22.22 

5.13 

0.94 

10. 4S 

0.98 

2.18 

1.02 

1,49 

Second 

24-10 

6.69 

0.64 

8.77 

1.55 

2.55 

1.30 

2.60 

Third 

27. U 

5.94 

0.36 

12.91 

1 1.27 

2.00 

2.03 

2.64 


* No reducing sugars were found in any of the samples. 


It is well known that green peas, soon after picking, lose their 
sweetness- Kertesz ^ found that a decrease in sucrose was accompanied 
by an increase in alcohol-insoluble matter. 

Kumerous analyses made at the New York Agricultural Experiment 
Station^ led to the following tentative maximnm limits for high-grade 
canning peas: puncture value 40 g- per sq, mm., starch-sugar ratio 1, 
insoluble-soluble nitrogen ratio 3, CaO in fresh skins 0.06 per cent. 

Changes in Composition During Growth. — Bisson and Jones, ^ in 
commenting on their analyses of shelled peas at diferent stages of 
development (given in the following table on the dry basis), state that 
green peas are ready for harvest when the absolute weight of sucrose has 
reached the maximum, which is somewhat later than when the per- 
centage is highest; protein, starch, fiber, and ash, however, increase in 
absolute amount throughout growth. 



Solids, 


Sugars, ‘ 
total 

Sugars, 



Poly- 



Age 

fresh 

Protein 

reduc- 


Starch 

saccha- 

Fiber 

Ash 

basis 


ing =* 



rides t 



days 




% 






12 

16.66 

32.25 

27.74 

0.53 

25.84 

16.33 

4.27t 

1.93 

3.98§ 

32 

25.51 

24.87 

21.55 


20.47 

19.13 

11.71 

8.55 

3.62 

48 

68.80 

24.69 

9.10 

0.09 

8.56 

26.63 

11.15 

7.62 

3.77 


As invert, t Other than starch; acid hydrolyzable, t IS days. § 20 days. 

1 Plant Physiol. 1930, 5, 399. * Rep. 1930, p. 50. ^ pjant Physiol. 1932, 7, 91. 
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Changes in Composition During Storage.— The figures reported by 
Jones and Bisson^ throw light on the loss of sweetness of peas after 
picking. The loss in the kernels of sucrose and starch, which was most 
rapid at 25° C., was almost entirely preTented hy storing at 0® C. In 
the pods, the reducing sugars remained constant at 0 to 5® C., but 
decreased at higher temperatures; sucrose and starch decreased at all 
temperatures, the loss of sucrose being most rapid at 35® C. 

Canned Peas. — Bitting^ states that in the United States canned 
peas rank third in output, tomatoes and green corn being respectively 
first and second, although in point of money value peas rank second. 
Six grades according to size are recognized hy the trade, the names, 
which do not represent horticultural varieties, being (1) ^‘petits pois/’ 
(2) extra sifted ’’ or extra fins,” (3) sifted ” or fins,” (4) early 
June,” (5) “ marrowfats/' and (6) telephone peas." Peas are packed 
in No. 2 cans which hold on the average 400 grams of peas and 200 grams 
of liquor. 

The composition of the total contents of the can including liquor as 
determined by McElroy and Bigelow® and Street^ is tabulated below: 


Composition of Canned Peas Including Liquor 


Samples Water Protein Fat 


McE. and B.: 
Original .... 
Water-free. . 
Street: 

Original .... 
Water-free. . 


% 

81 

85.48 

111 

85.37 


3.56 0.21 

24.52 1.45 

3.51 0.29 

24.00 1.98 


* Peas only. 


N-f.ext. 

Fiber 

8.46 

1.18 

58.26 

8.13 

8.61 

1.13 

58.85 

7.72 


Ash* Salt 


0.45 0.66 

3.09 4.65 

0.43 0.66 

2.94 4.51 


Drained Peas.— Ordinarily only the drained peas from the can are 
eaten, the liquid being rejected, although in cooked peas fresh from the 
garden the liquor is prized for its sweetness and delicate flavor. 

Dubois/ in an investigation of peas for canning and of (drained) 
canned peas, analyzed samples of four series representing two varieties, 
one smooth (Alaska) the other wrinkled (Admiral), two localities of 

1 Plant Physiol. 1932, 7, 273. 

2 Loc. cit. 

s U. S. Dept. Agr., Di7. Chem. 1893, Bui. 13, Part 8, 1094. 

4 Connecticut Agr. Exp. Sta. Rep. 1910, p. 456, 

6 IT. S. Dept. Agr., Bur. Chem. 1910, Circ. 54. 
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production, and five grades or sizes. The average results of analyses of 
grade 1 and of grade 5 for the two localities appear below: 

Composition op Fkese and Canned Peas (Dubois) 


(Hesults on dry basis) 



Solids, 

fresh 

basis 

Protein 

Fat 

Starch 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

Alaska: 







Fresh, No. 1 

10.69 

29.31 

1.51 

33.76 

9.59 

4.06 

No. 5.... 

34.82 

26.00 

i 1.35 

51.38 

7.51 

3.01 

Canned, No. 1 . . . . 

14.22 



41.26 

11.43 

6.63 

No. 5 ... . 

26.30 



55.62 

8.50 

3.73 

Admiral; 







Fresh, No. 1 . . . . 

19.99 

32.69 

1.01 

35.42 

9.27 

4.48 

“ No. 5.... 

23.06 

30.44 

1.72 

44.81 

11.07 

3.85 

Canned, No. 1 . . . . 

14.04 



39.03 

12.52 

7.57 

No. 5,... 

19.77 



58.69 

12.04 

5.39 


Street ^ found the weight of drained peas per can to vary from 21 1 to 
455 grams and the composition as shown below: 


Composition of Drained Peas (Street) 



Water 

Protein 

Fat 

N“f.ext. 

Sugars, 

reduc- 

ing* 

Starch 

Fiber 

Ashj 

Salt 


% 

% 

% 

% 

% 

% 

% 

% 

% 

Original: 









1 

Min .... 

72.83 

2.52 

0.14 

4.75 

0.34 

2.04 

0.94 

0.30 

1 0.09 

Max .... 

90.46 

6.45 

0.85 

18.58 

5.18 

15.65 

2.08 

0.78 

1 1.12 

Aver .... 

80.86 

4.62 

0.46 

11.23 

2.26 

7.64 

1.77 

0.48 

0.58 

lyater-free: 










Min .... 


18.43 

0.77 

49.75 

1.37 

21,38 

7.12 

1,77 

0.46 

Max .... 


30.86 

4.24 

68.38 

28.71 

59.78 

11.91 

3,45 

6,67 

Aver .... 


24.14 

2.40 

68.67 

11.81 

39.92 

9.25 

2.51 

3.03 


* As dextrose, t only. 


In experiments by Xertesz and Green ^ peas quickly cooled, especially 
if blanched at 82° C. (18Q° f.) before cooling, showed no deterioration 

■ Loc. cit. 

• J. Agr. Res. 1932, 46, 361. 
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during several days if kept at — 1°C. (3D° F,). Tke blancLing com- 
pletely checked a loss in sugar which takes place during cold storage. 

Soaked Peas.— In 16 of Street's samples the high starch content, 
thick liquor, hardness and prominence of the cotyledons, and low water 
content indicated that either soaked dried peas or over-mature peas had 
been used. 

Xzgw.— Street found that the liquor made up from 27 to 49.7, aver. 
36.1 per cent of the total weight of the contents of the can. It con- 
tained on the average 16 per cent of the total solids in the can, 10 per 
cent of the starch, and 16 per cent of the protein of the original peas. 
The salt, sugar (sucrose), and sometimes glucose of the liquor are added 
in different proportions by the canner for flavor. Some canners use 
nothing but water. A certain small amount of the added liquor pene- 
trates into the kernel, on the other hand soluble nitrogenous, saccharine, 
and mineral constituents are extracted. 

Proteins. — Data by Muttelet ^ show that the percentage of insoluble 
crude protein, which is less than that of the soluble, including amides, in 
the small and very immature kernels, increases on ripening until full 
maturity is reached when it is double that of the soluble protein. 

Fat. — In several of the foregoing tables the percentages of fat are 
given. In addition to true fat, the so-called fat (ether extract) of green 
peas contains green coloring matter. Further information as to its 
nature is not available. 

Acids. — Ritthausen^ isolated citric acid] Jodidi ^ reports in the Alaska 
variety 0.36 per cent, dry basis. 

Carbohydrates . — Sugary starch, and cellulose at different stages of 
ripeness have been determined by Muttelet^ with the following results: 



Small 

Medium 

Full-grown 

green 

Fall-grown 

ripe 

Canned 


% 

% 

% 

% 

% 

Sugars 

6.70 

6.20 

5.90 

4.10 

7.10 

Starch 

27.30 

32.40 

32.90 

43.40 

31.50 

Cellulose 

11.30 

i 

11.50 

9.60 

7.40 

10.10 


In a foregoing table credited to Bitting, results on sucrose, starch, 
and pentosans are given. 

1 Compt. rend 1925, 180, 317. 

2 J. prakt. Chem. 1884, 29, 357. 

* J. Am. Chem. Soc. 1933, 66, 46G3. 
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Tie nature of the sugars and insoluble carbohydrates is discussed 
under Smooth Pea. 

hourdouiP crossed smooth peas, eontaining 33 to 34 per cent of 
starch, with wrinkled peas, containing 18 to 21 per cent. The seeds of 
the hybrid were smooth, containing 32 to 38 per cent of starch. 

Phosphoms-Oiganic Compounds. Phytin. — Bagaoisan^ found 5.31 
percent, dry basis. 

Minor Mineral Coastituents. — See Smooth Pea. 

EDDBLE-PODDED PEA 

Pimm satimm L. snh-sp. gullomm Risso == yar. saccharatnm Hort. 

Fr. Pois goulus. Ger. Zuckererbse. 

The sugar or edible-podded pea bears the same relation to the shell 
pea as the snap bean does to the shell bean. Harz® divided the sub- 
species into two varieties, each with white- and colored-flowered sub- 
varieties: TTiacrocarpum Seriag (sword sugar pea) with pods 11.5 cm. 
long and 2.4: to 2.7 cm. between the two edges and saccharatum Sering 
(common sugar pea) with pods 7.25 cm. long and 1.44 cm. between the 
two edges. 

MACROSCOPIC STRFCTIIRE. — ^Although the pods at maturity 
are still flattened in the dorsal portion, the seeds being restricted to the 
ventral edge where, distending the pod, they appear like a string of 
beads, the pods are in best condition for eating at an earlier stage of 
development. The ventral edge is nearly straight, the dorsal edge 
strongly bowed outward. The seeds at maturity are wrinkled and 
variously spotted or mottled with brown in the varieties studied. 

MICROSCOPIC STRUCTURE. Pericarp. — As in the snap bean, 
there are six layers but the fourth and fifth are not analogous: (1) 
epicarp of thin-walled cells tangentially elongated and diagonally 
arranged, excepting the groups of small iso diametric cells about the 
numerous stomata; (2) hypoderm of somewhat elongated, only slightly 
collenchymatous cells; (3) rmwecrp, forming the bulk of the pod, 
of large, rounded, loosely arranged cells containing cMorophyl grains 
and clusters of rounded starch grains up to 22 ju, sometimes in twins and 
triplets; also fibro-vascular bundles; (4) cry dal layer of isodiametric 
cells each with an oxalate crystal; (5) thin Jiher layer, more or less scler- 
enchymatized according to the ripeness: and (6) endocarp of thin-walled 

^ Bui. soc. chim. biol 1933, 15, 790. 

2 Philippiae Agr. 1932, 21, 53. 

» Samenkunde, Berlia, 1885, p. 646. 
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cells, isodiametric in surface view, each protruding into the pod cavity 
as a papilla or blunt, thin-walled, unicellular or jointed hair, containing 
throughout numerous chlorophyl grains. 

An incrustation of 'wax on the cuticle of the epicarp gives the pod its 
peculiar glaucous appearance. 

Speimoderm. — At the edible stage the tissues are undeveloped. At 
full maturity the structure differs from that of the common pea in that 
pigment is present in the palisade cells. 

Emhryo. — The starch of the mature seed resembles that of the 
smooth pea. 

CmiF SnRUCTXjRA.L Characters. — Outer tissues more characterless 
than those of snap bean; epicarp without hairs; hypoderm not collen- 
chymatous. Crystal cell layer, in addition to crystal cells near the string, 
present ;endocarp with numerous papillae and thin-walled, blunt, unicel- 
lular or jointed hairs. Starch at maturity like that of smooth pea. 

CHEMICAL COMPOSITION.— Chung and Ripperton^ give the 
following analysis of a green, edible-podded pea known in Hawaii by 
the Chinese name hoh-lang-dau and the Japanese name chaho-endo: 
water 88.66, protein 3.33, fat 0.10, nitrogen-free extract 6.10, fiber 1,06, 
and ash D.75 per cent. 

Mineral Constituents. — The authors named above found: calcium 
0.043, iron 0.0032, and phosphorus 0.062 per cent; also alkalinity of 
the ash 8.2 expressed as cubic centimeters of normal acid per lOO grams 
of fresh vegetable. 

CHICK PEA 

Cicer arietinum L. 

Fr. Pois chiche. Sp. Garbanzo. It. Cece. Ger. Kichererbse. 

Some have thought that the name chick pea was given this legume 
because of the strong resemblance of the seed to the head of a chick, 
but the evidence favors the opinion that it is a corruption of cicer, 
the Latin name. According to De Candolle it is probably a native of 
regions south of the Caucasus and Caspian Sea, where it has been cul- 
tivated since prehistoric times. It was early introduced into India, 
its name according to Narayana^ being in Sanskrit chenata, in Hindi 
chanaj and in English Bengal gram, and somewhat later into all the 
Mediterranean countries. From Spain it was introduced into Spanish 
colonies. The seeds are eaten boiled or roasted and in the latter form 
also are used as a substitute for coffee. 

^ Hawaii Agr. Exp. Sta. 1929, Bui. 60. 

2 J. Indian Inst. Sci. 1930, 13A, 153. 
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MACROSCOPIC STRTJCxwjcucr. — mecniet cliaracters distinguish- 

the plant from that of the common pea are the glandular hairs and 
the presence of a terminal leaflet instead of a tendril. The flcwers are 
white or purplish. The two upper of the five calyx lobes form a lip: 
the wings of the corolla are free from the heel; the 
and naked 

In the characters of the seed (Eig. 97), it differs widely from i 
relatives the pea and the lentil: ( 1 ) the seed is irregular in shape, and 
the surface, in addition to being wimkled, 
has a prominent beak marking the position 
of the nearly straight radicle, (2) the Mlum 
adjoining this beak is small (less than 2 
mm.) and margined, with only the barest 
trace of accompanying caruncle or cushion, 

and (3) the stropMole is about 3 mm. from w._chick Pea. Seed 
the hilum. The common variety has a buff ^2, (AE.W*) 

white ”) seed, but there are red-, brown-, 
and black-seeded varieties. Some varieties have seeds up to 1.5 cm., 
others up to hardly half that size. 

MICROSCOPIC STRUCTURE. (Eig. 98). —Several of the treatises 
briefly describe the structure of the seed. M. Kondo^ studied seeds of 
four varieties: (1) small brown Indian, (2) small red-hrown German, 
(3) small yellow Russian, and (4) large yellow Spanish. The writers 
examined white and red-brown seeds. 

Spermoderm {S ). — The three layers, of which the first is characteris- 
tic, are (1) palisade cells {'pd) of irregular height up to 160 ^ and up 
to 20 M broad, often bent toward the upper ends and rounded at the tips, 
with thick walls at both ends; (2) subepiderm (sub) of spool-shaped 
cells, up to 35 (JL high and 35 p broad, not evidently ribbed; and (3) 
parenchyma with large cells and small intercellular spaces in the outer 
portion, still larger cells in the middle portion (p^, and small cells and 
relatively large intercellular spaces forming a stellate spongy parenchyma 
in the inner portion (p-). 

As noted by Kondo,^ the walls of the outer portion in red-brown seeds 
are strongly thickened with a broad light line, the pigment being present 
in the middle and inner portion. 

Beneath the hilum, the irregularly shaped cells about the scler- 
enehyma group are colorless with thickened walls and marked inter- 
cellular spaces. 

Endosopenn (E) —Inconspicuous, of a single layer of cells. 



iZ. TJnters. Na,hr.-Geiiiisain. 1913, 25, 40. 
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Embryo.^ — The epiderms (ep) of the cotyledons ((7) are of small iso- 
diametric cells, the mesophyl of somewliat porous cells, isodiametric 
beneath the inner epiderm, somewhat radially elongated beneath the 

outer, but in no part palisade-lihe. 



Fia. 98. — Chick Pea,. Seed in cross 
section. B spermoderm : pal palisade 
cells with cut cuticle, sub subepiderm, 
outer and p^ inner spongy paren- 
chyma. E endosperm. C cotyledon. 
ep outer epiderm, am starch grains 
of inesophyl. X 160. CIC.B.W.) 


The starch grains (am), up to 45 jx 
(in red-brown seeds somewhat 
smaller), are often nearly globular. 
Elongated semiaggregate grains with 
a longitudinal cleft are less num- 
erous than in the bean or pea. 
Often a transverse cleft is present. 

Chief Structural Charac- 
TERS.—Seeds irregular, with small 
hilum at base of beak; strophiole 3 
mm. from hilum. 

Palisade cells of spermoderm 
rounded at outer ends, irregular in 
height up to 160 p, walls sinuous in 
middle part, lumens in white seeds 
broad throughout, in red-brown 
seeds narrow in outer part; sub- 
epidermal cells spool-shaped up to 
35 p. Endosperm inconspicuous, 
of single layer. Cotyledon with 
isodiametric epidermal cells, beaded 
mesophyl without palisade cells; 
starch grains up to 45 /t, often 
nearly globular. See also p. 299. 

CHEMICAL COMPOSmOlf. 
— In the table below are given single 
analyses by Passerini/ Zlatarof,^ 
Narayana,'^ and Agcaoili'^ of chick 
peas grown respectively in Italy, 


Bulgaria, India, and the Philippines, also a summary of analyses by 
Zlataroff and Stoikoff ^ of 24 samples each of unroasted chick peas and 


Lebleliji, the latter, prepared from chick peas by roasting, being an 


important article of diet in Bulgaria. Results on other constituents 


1 Staz- sper. agr. ital 1891, 21, 20. 

2 Z. Unters. Nahr.-Gemissm. 1916, 31, 180. 
® Log. cit. 

* Philippine J. Sci. 1916, 11, 91. 

^ Z. Unters. Ualar.-Genussm. 1913, 26, 242. 
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in. all of the samples but the first in the table appear in subsequent 
sections. 

Composition of Chick Peas 



Water 

Protein 

Protein, 

pure 

! 

Fat 

N-f. 

ext- 

Starch 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

% 

% 

Chick peas: 









Passerini 

14.19 

22.47 


4.49 

54.55* 

45 05 

1 47 

2 831 

Zlataroff 

0.00 

20.87 


6.30 

60.32 

3.62 

2.87 

Z. and S. 






Min 

9.20 

19.10 

16.20 

4.16 

52.29 

44.89 

2.40 

2.36 

Max 

13.00 

27.05 

24.10 

6.10 

59.26 

52.80 

4.60 

4.30 

A-ver 

10.47 

22.62 

20.56 

6.08 

66.14 

49.33 

3.09 

2.88 

Narayana 

0.00 

2S.14 

25. 94 

4.72 

63.56 


1.13 

2.45 

Agcaoili .... ... 

13.63 

19.94 


5.38 

55.93 


2.26 

2.86 

Lehleliji: 









Z. and S. 









Mill ... 

4.90 

23.80 


5.20 

56.24 


1.62 

2.00 

Max 

7.20 

26.10 


7.00 

59.23 


3.15 

3.43 

Avftr 

6.14 

24.77 


6.09 

67.99 


2.21 

2.73 

j 










* S^igars 3.14, pectin, etc. 6.36%. f Pure ash. 


Proteins. Nitrogen Distributim in £eeds. — ZlataroE^ giyes the fol- 
lowing percentages calculated to the drf peas: protein nitrogen 2.11, 
nuclein nitrogen 0.10, ammonia nitrogen 0.10, peptone nitrogen 0.007, 
amide nitrogen 0.01, amino nitrogen 0.12, and other forms of nitrogen 
by difference 0.787; total nitrogen 3.24 per cent. 

A remarkable difference of the chick pea from other legumes, observed 
hy IvanoVj^ is the variation in protein content attributable to soil and 
locality. A range from 12.3 to 31.5 per cent was noted, the lowest being 
due to the absence of nodule bacteria. 

Amino Acids of Chick Pea Glohulm . — The water- and ash-free 
material with 17.16 per cent of nitrogen and 0.36 per cent of sulphur, 
as determined by Narayana,^ was found by the same author to contain 
as follows: 



% 


% 

Cystine 

0.88 

Arginine (d irec t ) . 12.09 

Tyrosine 

4.90 

Lysine 

7.57 

Tryptophane 

0.41 

Histidine. . . . 

... 0.99 

Arginine (7an Slyke) . 

10.27 




^ Loc. cit. 

2 Bui. Appl. Bot. G-enet. Plant-Breed* (Leningrad) 1933, Ser. Ill, No. 1, 3. 
® Loe. cit. 
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Nitrogen Duiribution in Chick Fea Glob%lm.~-"IhB ayerages of 
results, all in teims of nitrogen, by Narayana^ follow: acid-insoluble 
melanin 0.37, soluble melanin 0.32, amide 10.42, cystine 0.25, arginine 
19.31, lysine 8.49, histidine 1.56, amino 58.23, non-amino 0.44; total 
99.39 per cent. 

Nitrogenous Bases. — Betaine and choline^ together amounting to 
0.02 per cent, were found by Zlatarofi.^ 

Fat. — Values of the ether extract, as determined by ISTikoloff and 
given by Zlataroff and Stoikofi,^ follow: specific gravity at 15°C. 
0.9369 to 0.9376, refractive index at 25°C. 1.4744-7, solidification point 
— 19.5°C., saponification number 240, iodine number 110 to 119, 
Reiehert-Meissl number 4.51, Polenske number 1.1, Hehner number 
91.6, ester number 239.5, melting point of fatty acids 25*^0., iodine 
number of fatty acids 129, acid number 0.3 to 0.5, and unsaponifiahle 
matter 0.48 per cent. 

Sterol. — Zlataroff^ reports the presence of slaniitosterol, forming 0.3 
per cent of the fat. The acetate of the sterol melts at 128 °C. 

Acids. — Zlatarofi^ identified oxalic and citric acids by their lead salts. 
The soluble oxalate was equivalent to CaO 0.002, the insoluble to 0.005 
per cent. 

PhosphLoms-Organic Compounds. — Zlataroff and Stoikoff^ found 
the following percentages of lecithin in chick pea and in Lelleliji respec- 
tively: in the ether extract 0.11 and 0.64, in the alcohol extract 1.32 
and 1.04; total 1.43 and 1.68 per cent. 

Ivanoff,^ quoted by Zlataroff and Stoikoff, found the following 
average amounts of phosphoric acid in different forms in 4 samples of 
chick peas: protein P 2 O 5 0.452, lecithin P 2 O 6 0.125, inorganic and 
inosite P2O5 0.290, and total P2O5 0.867 per cent. 

Zlataroff,^ in the sample in which he determined the forms of 
nitrogen, found protein P 2 O 6 (Ivanoff method) 0.486, lecithin P2O5 
(Schulze method) 0.142, soluble organic P 2 O 5 (Ivanoff method) 0.244, 
and inorganic P 2 O 5 (Ivanoff method) 0.118; total P2O5 (Neumann 
method) 0.998 per cent. 

Phytin , — Seeds of the varieties album and fuscum, grown in Spain 
and analyzed by Mir6 and Bustinza,^ contained 0.88 and 0.995 per cent 
respectively of phytin. 


Loc. cit. 

2 Loc. cit. 

® Loc. cit. 

* Die Phosphorstoffe, 1906, pp. 6, 10. 

® Anal. soc. expan. fis. qulm. 1932, 30, 673. 
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Mineral Constituents. — Tiie composition of the ash as determined 
by Passerini ^ follows: 


KaO 

Na 20 

CaO 

MgO 

FcaOs 

P 2 O 5 

SO 3 

vSiOa 

Cl 

% 

% 

% 

% 

% 

% 

% 

% 

% 

24.60 

1.29 

4.45 

19.98 

2.42 

39.56 

3.38 

2.85 

0.71 


Minor Mineral Coastitnents. Mangaime.--^eeds 16.6 mg. per kilo, air-dry basis 
(Quartaroli) 

Copper . — Seeds 10.12 mg. per kilo, air-dry basis (Quartaroli). ^ 


CHICKLmO VETCH 

Lcthyrus satims L. = Cicercula alata Moench 
Fr. Gesette. Ger- Platterbse. 

Originally confined to western Asia, this species has long been culti- 
yated as a seed Tegetable and fodder plant in central and southern 
Europe. The sweet pea (L, odorata L.) is an ornamental species of the 
same genus. 

Several authors of treatises, beginning with Harz, briefly note the 
structure of the seed. Hondo ^ describes in detail the morphology and 
histology of six samples, two designated Tndiscke Futtererhsen (Indian 
fodder peas) and four Weuse hezv;. gelbe Flatterhsen (white or yellow 
flat peas), the article being illustrated hy fiye cuts. The following 
description is based on Kondo^s results. 

MACROSCOPIC STRUCTURE. — Seed^ of the Indian varieties are 
axe-sbaped, yellow-brown, brown, or black, much mottled or spotted, 
3.5 to 5 mm. long and broad, and 3 to 4 mm. thick, with an elliptical 
brown-bordered yellow-brown hilum 1.2 to 1.5 mm. long on the part 
corresponding to the back of an axe near one corner, a brown strophiole 
about 3 mm. from the hilum, and a distinct black raphe; seeds of the 
yellow varieties are yellowish, axe-shaped, with well-rounded corners, 
0.6 to 1.5 cm. long, 0.75 to 1.2 mm. broad, and 0.4 to 0.6 mm. thick, 
with hilum and strophiole closer together than in the Indian varieties. 

MICROSCOPIC STRUCTURE. Speimoderm.— The polisade cells 
are rounded at the outer ends with a cuticle. They range in Indian 
seed up to 89 high and 12 p broad, with the light line 17 /x from the 

^ Loc. cit. 

2 Aan. chim. appl. 1928, 18, 47. 

* Z. Filters. Nahr.-Geuussin. 1913, 25, 1. 
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outer ends; and in yellow seed up to 82 pL high and 17 ju broad, with the 
light line 24 ju from the outer ends. In the outer part (17 to 28 /i) the 
palisade cells of all varieties have narrow lumens about wMch the walls 
are made up of thick, straight strips; in the middle part (35 to 59 fx) 
they have thinner but porous walls, appearing wavy in cross section of 
the spermoderm; in the inner part (17 n) they have still thinner walls 
which are non-porous. 

The suhepidermal cells, in Indian seed, are spool-shaped, ribbed, up 
to 35 /X high and 47 /t broad. In yellow seed, particularly those of small 
size, they are somewhat lower but of the same breadth. Several rows of 
spongy parenchyma and a layer of compressed parenchyma form the 
remainder of the tissues over the body of the seed. Beneath the hilum 
slit is a typical sclerenehyma group, surrounding which and beneath the 
double palisade layer the parenchyma cells are rounded with rather 
thick, ribbed walls. 

Embryo. — The cells of the outer epiderm of the cotyledon are as 
broad as high and of the inner epiderm considerably broader. Palisade 
cells are lacking. The starch grains are of the pea type and range in 
length up to 43 M hi Indian seeds, 45 /x in small yellow seeds, and 71 /x 
in large yellow seeds. See also table p. 299. 

Chief Structural Chajj-acters. — Seed axe-sbaped, yellow, brown, 
or black; dark seed spotted or mottled; hilum near one corner on same 
edge as strophiole but not adjacent. 

Palisade cells of spermoderm up to 89 p high and 17 p broad, porous 
in middle portion, with light line 17 to 24 p. from apex; suhepidermal 
cells spool-shaped, ribbed, up to 35 /x high and 47 /x broad. Starch 
grains of pea type up to 71 /x long. See also table p. 299. 

CHEMICAL COMPOSITION.-~-Two analyses by Potti and one 
by Hughes^ are given below: 


Composition of Chickling Vetcu 



Water 

Protein 

Pat 

H-f. ext. 

Fiber 

Ash 

Pott: 

% 

% 

% 

% 

% 

% 

ChersoE, Russia 

11.01 

27.14 

1.88 

53.04 

3.87 

3.06 

Jekateriaoslow, Russia. 

11.80 

24.31 

1.98 

56.43 

3.11 

2.37 

Hughes 

11.20 

28.29 

1.70 

49.32 

6.73 

2.76 


1 Landv. Vers.-Stat. 1872, 16, 217. 

2 Analyst 1895, 20, 169. 
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Holmes^ condemas the custom of allowing 15 per cent of the seed of 
chickling vetch in “ Indian peas used as horse feed, often added be- 
cause of their cheapness and rich protein content, since they contain a 
cumulative poison causing paralysis in man and beast. Mirande^ 
attributes the injurious action of the seed to autofermentation that takes 
place in the ground (not the whole) seed at 35 to 40° C. with liberation 
of carbon dioxide and hydrogen sulphide. The substance that suffers 
this decomposition is located in the cotyledons and is completely solu- 
ble in water. Other common legumes, such as the pea and bean, were 
shown to undergo the same autofermentation hut apparently not to so 
great an extent. 

COMMON BEAN 

(Strmg and Shell Beans) 

Phaseolus mlgaris Metz. = P, mlgaris L. + P. nanus L. 

Fr. Haricot. Sp. Erijole. It. Fagiola. Ger. Bohne. 

Wittmack,^ in his investigations of seeds of Peruvian tombs, found a 
number which he identified as varieties of P. vulgaris and obtained evi- 
dence so conclusive as to convince Be Candolle that the species is of 
South American origin. It is not surprising that much doubt long 
existed as to the original habitat of a plant with so many marked and 
widely distributed varieties. Martens^ gives Latin names to 123 dis- 
tinct varieties under 7 race groups or sub-species as follows: P. mlgaris 
Savi, P. comggressus Savi, P. gonospermus Savi, P. carinalus Martens, 
P. oblongus Savi, P. ellipticus Martens, and P. spharicus Martens. 
More recent writers give even more, not including the numerous horti- 
cultural varieties continually being introduced. 

String {Snap) Beans, that is garden varieties developed for edible 
pods, are of two common groups: (1) green-podded and (2) yellow- 
podded or wax. By breeding, the strings have been so reduced as 
warrant the name “ stringless.^' 

Shell Beans. — In America the commonest dry shell beans, used 
especially for baked beans or canning, are white, either large (marrow- 
fat) or small (navy or pea), although red kidney beans are also popular. 

MACROSCOPIC STRUCTURE. — The flower is commonly white, 
white tinged with green, yellow, or purple, or else a decided violet or 

iPhLarm. J. 1913, 90,795. 

2Coiiipt. lend 1921, 172, 114=2, 1202. 

* Sitzgsb. bot. Ver. Braadenberg. Dec. 19, 1879. 

* Gartenbohnea, 1869. 
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purple. The calyx is thm and inconspicuous with the division between 
the two upper lobes indistinct. As in the whole genus, the keel of the 
corollaj as well as the style within it, is coiled. The style is bearded 
along the inner side ; the standard is more or less reflexed. 

The pod varies frona straight to much curved and the terminal point 
from short to long. When young it is soft and downy, later it becomes 
harsh and rough-hairy, The outer mesocarp, when in condition for 
eating as a snap bean, as seen in cross section, is 1 to 2 mm. thick, light 
green (green podded) or pale yellow (wax), of uniform density except 
for a faint line toward the inner side formed by the row of fibro-vascular 
bundles, while the inner mesocarp is thicker, colorless, turgescent, 
nearly or entirely filling the space around and also between the seeds. 
When beyond the snap bean stage, the pod shrinks until finally it be- 
comes thin and dry, the seeds being surrounded by a considerable air 
space. 

The seed (Fig. 9S) varies from ovoid, approaching spherical, to 
elongated kidney-shaped and is commonly more or less flattened. The 

funiculus is short and thick. Compared 
with the pea, the oval hihm (if), with 
a fmall caruncle and cushion, has an 
indistinct slit while the strophiole (*S), 
with its two humps, is more prominent. 
From the strophiole the short raphe {E) 
may he traced to the indistinct chalaza, 
while near the other end of the hilum 
the micropyle (AT) is evident in a slight 
depression. Unlike that of the pea, the 
form of the short radicle is not generally 
noticeable on the surface. As in other 
members of the genus, the cotyledons are carried above ground on 
germinating. 

MICROSCOPY OF STRING EE AN. —Well-bred varieties yield 
pods that are edible when they have reached their full length but not 
their full thickness. 

Pericarp. — The six layers at the latter stage, as seen in surface view 
(Fig. 100), are as follows: ( 1 ) striate-cuticularized epicarp iepi) of iso- 
diametric or somewhat elongated cells, often with bctided walls, inter- 
spersed with hooked 0^) and straight unicellular hairs (^^), capitate 
hairs with multicellular heads (i'O, and stomata; (2) hypodei'yn [col) of 
elongated collenchyma cells, several thick; (3) onter mesocarp [p^) of 
spongy parenchyma containing scattered small starch grains and in 
green varieties numerous chlorophyl grains, also in the inner portion a 



G. 99,— Common Eean. Seed. 
M micropyle; H hilum; S 
strophiole; R raphe leading to 
chalaza (not shown). X 2. 
(A.L.W.) 
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row of fibro-va.scuIar bundles; (4) diagonal (f), one or more thick; 

(5) inner mesecarp {p^) of thin-walled parenchyma with no visible 
contents, interspersed with small crystal cells, often in groups; and 

(6) endocarp {iep) of polygonal cells. 

Both the straight and the hooked hairs have a small basal cell, 
which in the latter case is constricted, and arise from a circular cell 
provided with short sprocket-like extensions. 

The fihro-vascular handles running through the outer mesocarp 
are small on the sides of the pod, but at the dorsal and ventral edges, 
where they form the strings, they are much larger, even in stringless 



Tig. 100. — String Bean. Elements of immature pericarp in surface view, epi 
epicarp with stoma, hooked, straight, and capitate hairs; col collenchyma; 
p'^ outer mesocarp with starch grains; cr crystal layer, hj bast fbers, sp spiral, 
pi pitted, and ret reticulated vessels of "string”; j diagonal fibers; inner 

mesocarp with small crystal cells; iep endocarp. X 160. (KJB.W.) 

varieties. The valves of the pod separate between two fan-shaped 
groups of bundle rays of the ventral string. 

The xylem shows spiral (sp), reticulated (ret), and pitted (pi) ves- 
sels, and the phloem large sieve tubes and delicate bast fibers (hJ). 
Outside of the bundle groups on both edges, arranged end to end in 
longitudinal rows, are parenchyma cells, the walls of which finally 
become thickened and bright yellow in color, and outside of these are 
crystal cells (cr) with single crystals. 

Spermoderm. — In the half-grown seed the cells of the outer epiderm 
(palisade cells) and suhepiderm have reached nearly or quite their 
maximum height but only about half their maximum breadth. The 
pigmentation of colored beans is largely formed during a later stage. 
The crystals of the subepiderm are more slender than at full maturity. 

Endosperm- — Evident at this stage. 

Embryo. — At the half-ripe stage the cell walls of the cdijUdons 
are beginning to show beads and the starch o^^regates have readied about 
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half their mature dimensions. The latter are of curious forms as shown 
in Fig. 101. Their compound nature is clearly 


8 


Fig. 101. — String Bean. 
Starch from half mature 
seed showing simple and 
compound grains. X 160. 
(KJB.W.) 


shown at this stage, hut later, as noted below, 
is obscured. 

MICROSCOPY OF SHELL BEAN.— At 

Ml maturity, whether moist or dry, the shell 
the most pronounced type of common 
with prismatic (not spool-shaped) sub- 
epidermal ceUs, each containing an oxalate 
crystal; the tissues accordingly are shown 
in Figs. 102 and 103, not only in cross section 
but also in surface view. 

Spermoderm. — The tissues are : ( 1) palisade 
cells (pol, paPj paP)j forming the outer epi- 
derm, reaching 60 fx in height and 10 /a in 


breadth, with a light line (1) just beneath the 


thin cuticle; (2) suhepiderm {sul)y the cells being in cross section 


quadrilateral, reaching 30 /t in height 
and breadth, in surface view polygonal, 
each with a perfectly formed or broken 
monoclinic crystal; (3) spongy paren- 
chyma (p, p^, p^), with cells 

varying from without inward from thick 
to very thin-walled and from isodi- 
ametric to much branched; and (4) 
inner epiderm [iep) so collapsed as to 
he seen with difficulty in cross section, 
although its polygonal cells are visible 
in surface view after careful search. 

The presence of crystals in the suh- 
epiderm is the noteworthy characteristic. 
In cross section, the cells are rec- 
tangular in outline, but the secondary 
walls, being irregularly thickened, often 
make the lumen spool-shaped. In 
surface view the secondary wall shows 
rifts indicative of broad ribs which 



Pig. 102. — Common Benn. Seed 
in cross section. 8 spcrniodorin: 
pal piilisado colls with I light, 
lino, siib siibopidorni containing 
crystals, 7) purencdiyiiia. C coty- 


oscape notice in cross section. ledon : ep on tor cpidonn, al 

About the sclercnchyma group in alcurone grains and mn starch 
the hilum region the cells are thick- (AL ^ 

walled, often spool- or bone-shaped. 


and ribbed. They contain single crystals like those in the subepiderm. 



COMMON BEAN 


551 


Here again the characters of the subepiderm are found in a tissue which 
is distinctlj a continuation of the outer parenchyma. Even in colored 
seeds, the tissue is colorless. 

Caruncle and Hilum Cushion.— Only a few, but well-dereloped, 
cells present. 

Endosperm. — Seldom visible at maturity. 

Embryo. — The cotyledons (C) are made up of isodiametric cells, 
those in the epiderms being small with non-porous walls and those in 
the mescphyl large with pores forming conspicuous beads. 



Ero, 103. — ComirLon Bean. Elements of seed in surface vie-w. Spermoderm: 

palisade cells from above, paP palisade cells from, below, mb subepiderm 
(crystal cells), p^, succeeding layers of parenchyma from without 

inward, fv fibro-yascular bundle, iep inner epiderm. C epiderm of cotyledon. 

X 160. (KB.W.) 

The starch y rains are mostly ellipsoidal semiaggregates up to 60 jn 
long. On comparison with those of the pea, they have few excrescences 
corresponding to individual granules but most of them have a distinct 
axial rift and with polarized light show a dark Y at each end connected 
by the rift. 

Surrounding the starch grains is a matrix of protein matter which, 
as in the pea, becomes fixed on heating. 

Chiep Structural Characters. String Bean. — Pod straight or 
curved, pointed, hairy, strings on dorsal and ventral edges. 

Hairs of epicarp of three types, those with hooked ends highly char- 
acteristic; crystal layer not continuous (in edible-podded pea continu- 
ous); endocarp smooth (in edible-podded pea with papillae and hairs) ; 
strings with conspicuous crystal cells. 

Shell Bean. — Seed of various shapes and colors. Hilum in center of 
one edge; strophiole distinct; radicle not noticeable on surface. 

Palisade cells up to 60 ii high and 10 g broad; subepiderm al cells 
up to 30 iL high and broad, each containing single crystal. Semiaggre- 


362 


VEGETABLES 


gate starch grains up to 60 jx long, more regularly oval than in pea •with- 
out conspicuous excrescences, but often half-compound, with rifts. 
See also table p. 299. 

CHEMICAL COMPOSITION OF STRING BEANS.— The follow- 
ing summary of 5 analyses of fresh string beans, from which an average 
of 7 per cent of refuse had been taken, is from Atwater and Bryant’s 
compilation:^ 


Composition" of Striitg Be^lns (Atwater and Brtant) 



Water 

Protein 

Fat 

N'-f, ext. 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

Min 

83. S 

1.7 

0.2 

5.1 

1.2 

0.7 

Max 

91.7 

2.8 

0.4 

12.6 

2.6 

0.9 

Aver 

89.2 

1 2.3 

i 

0.3 

7.4 

1 . 9 * 

0.8 


* 2 analyses. 


Minor Mineral Constituents. — Given with those of dried beans below. 

CHEMICAL COMPOSITION OF AIR-DRY BEANS.— Below 
appear the range and average of 11 analyses of dried beans compiled by 
Atwater and Bryant,^ also analyses of single samples by Peterson and 
Churchill^ and Eichelberger.^ Ilnder Carbohydrates are given addi- 
tional results on the single samples. 


Composition op Dried Beans 



Water 

Protein 

Fat 

N-f , ext. 

Fiber 

Ash 

A. and B.: 

% 

% 

% 

% 

% 

% 

Min 

9.6 

19.9 

1.4 

57.2 

3.2 

2.7 

Max 

15.5 

26.6 

S.l 

63.5 

7.2 

4.4 

Aver 

12.6 

22.6 

1.8 

59.6 

4.4* 

3.6 

P. and C 

12.96 

18.42 

1.83 

58.97 

3.94 

3.88 

Eichelberger 

10.08 

22.69 

2.36 

57.82 

3.62 

3.43 


* 4 analyses. 


^ U. S. Dept. Agr., Otf. Exp. Sta. 1906, Bui, 28 rev. 

2 Log. cit. 

3 J. Am. Chem. Soc. 1921, 43, 1180. 
nbid.1922, 44, 1407. 
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Proteins. — Eittha^usen ^ isolated phaseolirij the principal protein of 
the common bean, from a brine extract and determined its ultimate 
composition. 

Osborne^ in like manner separated and analyzed phaseolin, also 
phaselin, an albnrain. Proteose^ alkali-soluble (but brine-insoluble), 
and alkali-insoluble proteins were also isolated, but in too small 
amount to warrant analysis. He estimated roughly the percentages 
of these proteins in the seed as being: phaseolin 15, phaselin 2, 
alkali-soluble protein 3.5, and alkali-insoluble protein 3, total 23.5 
per cent. 

Johns and Waterman^ and Waterman, Johns, and Jones^ report 
two globulins: (1) phaseolin or jS-phaseolin, precipitated by ammonium 
sulphate at 0.57 to 0.80 saturation, and (2) conphaseolin or or-phaseolin, 
precipitated at 0.30 saturation, the latter beiug present in relatiyely 
small amount. 

Ultimate Composition , — The results of the authors named follow: 



Phaseolin 

Conphaseolin 

W. J. aad J. 

Phaselin 

Osborne 

Ritthausen 

Osborne 

W. J. and J. 


% 

% 

% 

% 

% 

Carbon 

52.55 

52.58 

52.56 

53.81 

51.50 

Hydrogen 

7.09 

6.84 

6.81 

6.86 

7.02 

Nitrogen 

16.18 

16.47 

16.13 

15. 7S 

14.65 

Sulphur 

0.43 

0.56 

0.33 

1.36 

0.49 

Oxygen 

23.75 

23.55 

24.17 

22.24 

26.24 


100.00 

100.00 

100.00 

100.00 

100.00 


Amino Acids of Phaseolin . — Osborne and Clapp, ^ employing Fischer’s 
method, determined the percentages of amino acids resulting from 
hydrolysis. Their results on the monoamino acids, together with those 
of Finks and Johns® on cystine and hexone bases obtained in the main 
by Van Slyke’s method, appear in the table which follo'vvs: 


^ ,T. prnkt. Chem. 1884, 29, 448. 

2 J. Am. Chem. Soc. 1894, 16, 533, 703, 757. 

3 J. Biol. Cheia. 1921, 46, xiiv. 
nbia. 1923, S5, 93. 

^Am. J. Physiol. 1907, 18, 295. 

8 J. Biol. Chem. 1920, 41, 375. 
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PbODUCTS of HYPBOIiTSIS OF PhA-SEOIIN 


% 

GI 7 COC 0 U 0.55 

Alanine 1-80 

Valine 1.04 

Leucine 0.65 

Serine 0.38 

Cystine 0.84 

Aspartic acid. 5.24 

Glutamic acid 14.54 

Tyrosine 2.14 

Phenylalanine 3.25 

Proline 2.77 

Tr 3 rptophane + 

Arginine 6.11 

Xysine 7.88 

Eistidine 3.32 

Ammonia 2.06 


61.57 

Jones, Gersdorff, and Moeller, ^ ia the globulins of the red kidney- 
bean and the navy bean, obtained the following figures for cystine and 
tryptophane: 



Red Kidney Bean 

N'avy Bean 

Total 

globulin 

Total 

globulin 

Conphaseolin 

(ti:-globulin) 

Phaseolin 

(/3'globulin) 


% 

% 

% 

% 

Cystine 

1.00 

1.59 

1.53 

0.58 

Tryptophane 

1.34 

1.52 

2.79 

0.94 


Nitrogen Distrihution in Bean Broieim , — The results of Tinks and 
Johns and of Waterman, Johns, and Jones appear on the next pag( 3 . 

Fat — Grimme^ determined the values of the fat, forming 1.32 per 
cent of the kernel, with the following results: specific gravity at 15° 0. 
0.9179, refractive index at 25° C. 1.4861, solidifying point — d'^C., 
saponification number 189.2, iodine number 135.7, fatty acids 87.51 
per cent, titer (solidifying point of the fatty acidvs) 19° C., and unsiiponifi- 
able matter 5.85 per cent. 


1 J. Biol. Chem. 1924, €2, 183. 
^Pharm.Zentralh. 1911, 62, 1141. 
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Phaseolin 

Conphaseolin 

F. and J. "W. J. and J. 

W, J. and J. 


Humin N adsorbed by lime 

1.72 

0.71 

2.82 

Humin N in amyl alcohol extract 

0.31 

0.19 

Cystine N 

0.61 

0.83 

0.88 

Arginine N 

12.31 

12.57 

14.15 

Lysine N. 

0.49 

11.10 

13.14 

BQstidtne N 

5.62 

3.93 

1.47 

Amino N of filtrate 

54.94 

59.81 

57.53 

Non-amino N of filtrate 

3.90 

0.18 

2.58 

Amide N 

10.89 

10.95 

7.39 


99.79 

100,08 

100.15 


Acids.— Arbenz^ found 0.045 ajid YiehoeTer, Kimke, and Mastin^ 
0-4 per cent of oxalic acid,' 

Caibohydrates. — Peterson and Churchill,^ noting the dearth of 
literature on the carboh 7 drates of legumes other than in'vestigations 
made prior to 1900 and the entire lack of full analyses of the common 
bean, determined, in addition to the usual groups (see aboTe), the indi- 
yidual carbohydrates. 

Eichelberger^ reports an analysis agreeing closely, on the whole, 
with that of the foregoing authors. 

The percentages of total s'ugars, dextrins, and starch given below 
were in both analyses obtained by practically the same method, but the 
percentage of pentosans, as reported by Peterson and Churchill, is the 


Carbohydrates or Common (Navy) Bean 



Sugars 

Dex- 

trins 

Starch 

Pento- 

sans 

Galae- 

tans 

Hemicel- 

Inlose 

CeUu- 

lose 

Acids, waxes, 
etc.* 

P. and C.. . 
Eichelberger 

% 

1.59 

2.61 

% 

3.71 

3.23 

% 

35.20 

35.22 

% 

8.37 

8.08 

i 

% 

1.33 

% 

0.83 

Jo 

3.11 

% 

8.77 

7.86 


* By difference. 


^ Mitt. Lebensm. Hyg. 1917, 8, 98. 
2 Science 1917, 46, S46. 

® Loc. cit. 

*■ Loc. dt. 
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sum of determinations made in fractions by different solvents, wbereas 
that by Eichelberger is of a single direct determination. Eichelberger 
also reported 8.90 per cent of insoluble hemicelluhse — the carbohydrate 
matter includitig pentosans obtained by acid hydrolysis of the water- 
insoluble material less that found after disastase hydrolysis. 

Lupeose, stachyose, and paragalactoaraban, which Schulze and his 
co-workers found in the lupine and pea groups, do not appear in the 
above analyses. Tanret^ isolated 2.1 per cent of stachyose and 3.9 per 
cent of sucrose in the common bean, 

The hulls of the common bean were estimated by Schulze and 
Pfenninger^ to contain according to the degree of ripeness 19.35, 15.65, 
and 48.65 per cent of hmicellulose^ which yielded galactose and arabinose, 
but only a small amount of fructose, on hydrolysis. 

Traetta-Mosca,^ in the dialyzed water extract of kidney beans, 
peas, and lentils which had been heated at 100° C. to destroy enzymes, 
identified galactose by the phenylosazone method. 

Enzymes.—As shown by Thtmberg,^ the seeds are very rich in oxi- 
dizing enzymes known as deshydrog&nases. Neutralized formic, malic, 
succinic, a-ketoglutaric, and glutamic acids, as well as some other sub- 
stances, promote the oxidizing action. 

Amylase,— Bjoherg^ has made an extensive study of the amylase 
of various parts of the bean plant. Its greatest activity in phosphate- 
buffered mixtures at 40° C. is pH 5.0. The optimum pH for sugar 
formation is 5.0 to 5.5, and for starch disappearance 4.0 to 6.0. 

Mineral Constituents. — The following average of 13 analyses is 
from Wolff:® 

Composition of Bean Ash (Wolff) 


Ash 

KaO 

ISTaaO 

CaO 

MgO 

Fe203 

P2O5 

SO3 

SiOa 

Cl 

% 

% 

% 

% 

% 

. % 

% 

% 

% 

% 

3.22 

44.01 

1.49 

6.38 

7.62 

0.32 

35.52 

4.0s 

0.57 

0.86 


Minor Mineral Constituents. Iron . — Dried navy beans 67, fresh string beans 
16 mg. per kilo (Sliernian)y Dried‘S white beans'' 73 mg. per kilo (Bunge).® Beans: 

1 Compt. rend. 1912, 166, 1526. 

*2. physiol. Chem. 1910, 68, 93. 

® Ann. ist. super- agr. Portici 1929, [3], 3, 164, 

^ Arch, intern, physiol. 1921, 18, 601. 

“Biochem. Z. 1922, 133, 218, 294. 

« Aschenanalyseu. 

^U. S. Dept. Agr., Off, Exp. Sta. 1907, Bui. 186. 

8Z. physiol. Chena. 1884/5, 9, 49. 



COMMOJT BEAN 


357 


Tennessee Green Pod lOO, Kentucky Wonder 110 and 128 mg. per kilo, dry basis 
(McHargue).^ String beans 9.3 mg. per Mlo, fresh basis; dried kidney beans 69.2, 
dried navy beans 95.2 mg. per kilo, air-dry basis (Peterson and Elvebjem).® String 
beans, 2 samples, 6.3, 10.6 mg. per kilo, fresh basis (Toscani and Peznikoff).® 
String beans (green seeds and pods), 15 samples, 140 to 370, aver. 201 mg. per kdo, 
dry basis (Remington and Shiver).* The fresh material examined by the last- 
named authors contained 5.7 to 10.1, aver. 8.6 per cent of dry matter, hence the 
average amount of iron in the original beans was 17.1 mg. per kilo. 

Blunt and Otis® found that the loss of iron on boiling navy beans was 39 and 
string beans 43 per cent of the whole. 

Aluminum . — String beans €.3 mg. per kilo, fresh basis (Underhill, Peterman, 
Gross, and Krause).® String beans 8, shelled beans 1.3 mg. per kilo, dry basis 
(Bertrand and Idvy). 

Manganese. — Beans: Tennessee Green Pod 17, Kentucky Wonder 16 and 18 
mg. per kilo, dry basis (McHargue).^ Kddney beans 14.6, French beans 13.5 mg. 
per kilo (QuartaroK).® String beans (green seeds and pods), 13 samples, 16.2 to 
55.9, aver. 36.2. mg. per kilo, dry basis, equivalent to 3 mg. in the fresh material 
(Remington and Shiver) 

Co'pper . — French beans, 1.8 mg. per Mlo, fresh basis, 16.3 mg. per Mlo, dry 
basis; kidney beans: seeds 10, po(M 7.2 mg. per kilo, air-dry basis (Gu6rithault).^'' 
Kidney beaus: green, seed 11, pod 9; ripe, seed 11, pod 4.5 mg. per kilo, dry basis 
(Maquenne and Demoussy).^^ Seeds 6.2 mg. per kilo, dry basis (Hirano andMikumo).^^ 
String beans (green pods and seeds), 14 samples, 5.8 to 15,3, aver. 9.6 mg. per kilo, dry 
basis, equivalent to 0.8 mg. in the fresh material (Remington and Shiver) French 
beans 16.66, kidney beans 14.80 mg. per kilo (Quartaroli).^® Navy beans 10.45 mg. 
per kilo (Satterfield and Jones). String beans 1.0 mg. per kilo, fresh basis; dried 
navy beans 6.9, dried kidney beans 6.6 mg. per kilo, air-dry basis (Lindow, Elvehjem, 
and Peterson).^® 

Zinc , — Kidney beans: seed 52.5, string beans, whole pod 0.8 mg, per kilo, fresh 
basis (Bertrand and Benzon).^® 

Arsenic . — ^White beans 0.1 mg. per kilo (Jadin and Astruc).^^ 

Iodine . — Seeds none (Winterstein) .i® 

1 J. Agr. Res. 1923, 23, 395. 

U. Biol. Chem. 1928, 78, 215. 

® J. Nutrition 1934, 7, 79. 

* J. Ass. Off. Agr. Chem. 1930, 13, 129. 

®J. HomeEcon. 1917,9, 213. 

e Am. J. Physiol. 1929, 90, 72. 

’ Eul. soe. hyg- aliment. 1931, 19, 359. 

^ Ann. chim. appl. 1928, 18, 47. 

®Loc. cit. 

^°Compt. rend. 1920,171, 196. 

iabid.1920, 170, 87. 

^2 J. Pharm. Soc. Japan 1925, 625, 992. 

i^Loc. cit. 

J. Elisha Mitchell Sci. Soc. 1932, 48, 16. 

J. Biol. Chem. 1929, 82, 465. 

^®Bul. soc. hyg. aliment. 1928, 16, 457. 

Compt. rend. 1912, 166, 291. 

1® Z. physiol. Chem. 1918, 104, 54. 
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TIPARY 

Phaseolus acutifolms rax. latifoUus Freeman 

This small bean is a native of the deserts of southwestern United 
States where it has been cultivated by the Indians since prehistoric 
times. Freeman^ describes it in detail and states that the dry shell 
beans may become a staple crop of hot arid regions. 

MACROSCOPIC STRUCTURE.—The spreading or twining stem 
is more slender than that of the common bean and the leaves and pods 
are smaller; the flowers are white or blue. The pod is flat, about 8 cm. 
long and 1 cm. wide. The seeds, 2 to 7 in a pod, are commonly white, 
less often yellow, brown, or black, 4 to 8 mm. long, often as broad as 
long, rounded or somewhat flattened. 

MICROSCOPIC STRUCTURE.-~As regards the histology, the 
tepary may be described as being the common bean in miniature. 

Spermodenn. — The tissues are: ( 1 ) palisade cells, 45 p high and 
ISjLt broad, with flattened outer ends, (2) stibe^iderm of prismatic cells 
about 27 li high and half as broad, with spool-shaped lumens, each con- 
taining a single (rarely two) monoclinic crystal up to 15 n long, and 
(3) characterless parenchyma. 

Endosperm. — Cells not evident. 

Embryo, — The porous mesophyl cells of the two large cotyledons 
contain starch grains of the common bean type, up to 35 jm in length. 

Chiei’ Steuctijral Characters. — Seeds, commonly white, rounded 
or somewhat flattened, hilum small. 

Palisade cells, up to 45 ju, high, with flattened outer ends; subepi- 
dermal cells prismatic, up to 27 n high, with spool-shaped lumens, each 
containiag one to two crystals. Starch of cotyledons of common bean 
type, up to 35 jn long. See also table p. 299. 

CHEMICAL COMPOSITION,— Analyses reported by Freeman- 
and by Jaffa and Albro^ follow: 

Composition op Tepa-Hies 

Water Protein Fat N-f, ext. Fiber Ash 

% % % % % 

Freeman: 

Teparies 9.50 22.18 1.43 59.32 3.36 

Jaffa and Albro: 

White teparies . . 10.28 20.30 1.49 60.14 3.79 

Lods 8.00 4.14 0.55 48.51 36.97 

1 Arizona Agr. Exp. Sta. 1912, Bui. 68. 

2 Ibid. 1912, Bui. 68, 573. 

“ California Agr. Exp. Sta. 1918, Bui. 294 , 341. 


4.21 

4.00 

6.82 
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SCARLET RTONER 


Phaseolics multi flams Willd. 

Fr. Haricot d^Espagne. Ger. FeuerboLne. 


A native of Mexico and other parts of tropical America where it is 
prized for its nutritious seeds, the scarlet runner is \\^idel7 cultivated 


both as an ornamental and food plant. 

MACROSCOPIC STRTJCTTIRE,— 
As indicated by the name, the flowers 
are a vivid scarlet. They are of con- 
siderable size and are borne in racemes. 
The flattened; pointed pod reaches 15 
cm. in length. It contains several much- 
flattened, kidney-shaped seeds (Fig, 104:) 
often over 2.5 cm. long and half as 
broad, glossy black with pink blotches 
on and about the edges. The hilum 
is 5 to 6 mm. long, covered with a white 
spongy cushion with a very narrow 
caruncle or rim. Raphe, strophiole, and 
micropyle are evident to the naked eye. 

MICROSCOPIC STRUCTURE (Fig. 
105). — A study of the histology, as 



Fig. 104, — Scarlet Runner. 
Seed. X 2. (A.L.W.) 



Fia. 105.-— Scarlet Emner. Seed 
in cross section. S spermo- 
derm: pal palisade cells with 
cut cuticle and I light line, sub 
subepiderm with crystals, 
p-, (with pigment), and 
spongy parenchyma. JE endo- 
sperm. C cotyledon; ep outer 
epiderm, am starch grains of 
mesophyl X 160. (KJB.W.) 


first carried out by HarZ;^ shows a relationship with the common 
bean in harmony with its classification in the same genus but as a 
separate species. 


^ Samenkunde, Eerlin, 1S85, p. 729. 
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Spermoderm (;S) .-—Cross sections, as well as surface mounts, bring 
out three layers, the third showing differentiation into several forms 
of tissues although not sharply defined: (1) 'palisade cells (pal), up 
to 85 ju high and 15 p. broad, each in the outer portion with obliterated 
or narrow lumen and in the inner end with a bulbous enlargement, 
containing in certain parts a deep blue substance; (2) suhepiderm (sub) 
of prismatic cells, up to 30 p high and 40 ju broad, each with spool- 
shaped lumen containing in the outer part, less often in the inner part, 
a small oxalate crystal; and (3) spongy parenchyma varying much as 
in common bean from irregular but nearly isodiametric, thick-walled 
cells (p^) into branching cells with large round intercellular spaces 
then into large cells with small triangular spaces, containing a pink or 
brown substance (pOj and finally into typical spongy parenchyma with 
small cells and very thin walls (p^). 

The suhepiderm is intermediate between the bean type and the pea 
type; in their prismatic outer contour the cells are like the former, in 
their marked spool-shaped inner contour the latter. 

In the dry seed, the parenchyma tissues are more or less compressed, 
and it is only by careful manipulation that they show their characters 
in cross section. Beneath the hilum the cells are thick-walled, irregular 
in outline, forming a very spongy tissue with dark contents. Conspicu- 
ous crystals, such as occur in the common bean, are lacking. 

The dark color of the seed is due to the contents of the palisade 
cells, the pink blotches to the pigment in the spongy parenchyma 
showing through empty palisade cells. 

Caruncle.— The cells form a palisade layer of moderate height. 

Hilum Cushion. — The tissue is spongy parenchyma without evident 
contents. 

Endosperm (E ), — A single layer of aleurone cells is evident at full 
maturity in carefully cut and cleared mounts. In the common bean 
the corresponding layer disappears on ripening. 

Embryo. — The cotyledons (G) as in the common bean lack palisade 
cells and have porous walls. Ellipsoidal, reniform, triangular, and 
irregular aggregate and semiaggregate starch grains (arri), up to 50 fi, 
often with rifts, are the conspicuous contents. 

Chiep Structural Characters.— Seeds flattened, up to more than 
2,5 cm. ; black with pink blotches on and near edges; hilum covered with 
white cushion. 

Palisade cells up to 85 ju high and 15 ju broad; prismatic subepidermal 
cells up to 30 p high and 40 p broad, each with spool-shaped lumen, 
containing 1 to 2 minute crystals; spongy parenchyma of various 
types. Caruncle of palisade cells. Spongy parenchyma of hilum cushion 
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empty. Endosperm of single layer of alenrone cells. Cotyledon with- 
out palisade cells, walls porous; starch grains up to -50 ju. See also 
table p. 299. 


BUTCH CASE-KNIFE BEAN 

Phaseolus muHifloms Willd. 

Although this legume is considered a white variety of the scarlet 
runner, the seed sold by American seedsmen differs so markedly in 
certain histological characters as to suggest other relationship. 

MACROSCOPIC STRUCTTOE. — ^The seeds resemble Sieva beans, 
varying up to 18 mm. in length and about half that in breadth. 

MICROSCOPIC STRUCTURE. — ^The palisade cells vary up to 50 n 
high and 16 ju broad, and the sulepiderrml cells up to 27 high and 25 
broad. The latter are prismatic and tMn-walled as in the common 
bean, without spool-shaped lumens. A single crystal even larger than 
in the common bean occurs in each cell. 

Chiee S'TEUCTTJEAi. CHARACTERS. — Seed rescmbles the Sieva bean. 

Palisade cells up to 50 \i high; suberpidermal cells with crystals. 
See also table p. 299. 


LIMA BEAN 

Phaseolus lunatm L. var, macrocarpus Benth. 

Er. Haricot de Lima. Ger. Mondbohne. 

Although the true or large-seeded Lima bean, a native of South 
America, is a perennial in the tropics, it is grown as an annual in the 
temperate zone. It should not be confused with the small Lima or 
Sieva bean (P. lunatus L.), which is regarded as the type of the species, 
nor with other large or flat-seeded legumes sometimes erroneously 
known as Limas, such as the scarlet runner, the case-knife bean, or the 
jack bean. 

The green shelled beans, as well as succotash (Lima beans and green 
corn), are canned in large quantities. Dry mature Lima beans, grown 
especially in California, are sold for boiling and baking. 

MACROSCOPIC STRUCTURE .-“Two types are in cultivation, the 
common or fiat and the potato. In the latter the pod is shorter, thicker, 
and less pointed. Both have tall and dwarf varieties. The white 
flowers are in racemes. Seeds of the common Lima bean (Fig. 106) 
are much flattened, often over 2.5 cm. long and about two- thirds as 
broad. Commonly the seeds are white, but there are varieties with 
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orange, red, black, or spotted seeds. The hilnm reaches 6 mm. in 
length; characteristic wrinkles or lines radiate from it. Strophiole 
and micropyle are evident, also caruncle and funicular tissues forming 
a hilum cushion. 

MICROSCOPIC STRUCTURE (Fig. 107) .—Credit is due Harz^ as 


the pioneer in the study of this as well as 
Spermodenn (jS). — C ross sections and 
surface mounts show: (1) palisade cells 
(pal) up to 85 II high and 20 /x broad, 
each with flat outer end, narrow light 
line (0, and thin cuticle {cut); (2) sub- 
epiderm (sub) of narrow, spool- or bone- 
shaped cells reaching the remarkable 
height of 65 p, 30 /x broad; (3) spongy 
parenchyma, with somewhat thickened 
walls and large intercellular spaces in 
the outer portion ip^)j with large cells 
and smaller intercellular spaces in the 
middle portion (p^), and with small, very 



many other legumes. 



Fig. 107. — Lima. Bean, Seed m 
cross section. 8 sperm oderm; 
■pal palisade cells with cut cu- 
ticle and I light line, mb sub- 
epiderm, pb spongy pa- 

renchyma, iep inner epiderm. 
C cotyledon: ep outer epi- 


Fig. 106.— Lima Bean. Seed. X 2. derm, am starch grains of 


(A.L.W.) 


mesophyl. X 160 . (K.B,W.) 


thin-walled cells in the inner portion {p ^) ; and (4) small-cellcd inmT 
epiderm [iep). 

Beneath the hilum the tissue is very spongy, colorless, with thick 
walls. The individual cells are irregular in outline. 

Caruncle and Hilum Cushion. — Well-developed palisade cells form 
the caruncle, and colorless, rounded cells in loose contact, the cushion. 

Endosperm.— ¥ot evident. 

1 Samenkunde, Berlin, 1885, p. 732. 
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Embryo. — In tlie structure of the cotyledons {€), the Lima bean 
resembles the conamon bean. As in the latter, the walls are strongly 
porous, and the aggregate and semiaggregate starch grains (cm), up 
to 65 iL, are for the most part irregularly ellipsoidal or kidney-shaped 
with clefts. 

Chief STiiTJcririi.AE Chara.cters. — Seeds large, flattened, with 
wrinkles radiating from the hilum; caruncle and hilum cushion present. 

Epidermal palisade cells up to 85 p. high and 20 p broad; subepi- 
dermal cells spool- or bone-shaped, up to 65 p high and 30 p broad. 
Caruncle of palisade cells and hilum of rounded cells in loose contact. 
Starch grains up to 65 jn, commonly ellipsoidal or reniform with clefts, 
also trefoil- and warious-shaped aggregates. See also table p, 209. 

CHEMICAL COMPOSITION. — ^The following table contains a 
summary of analyses of the common white Lima bean, both fresh and 
dried, grown in the United States, as compiled by Atwater and Bryant,^ 
and of the fresh bean by Agcaoili,^ also an analysis of the Rangoon 
bean by Beythien and HempeP and of hmtei4an by Okumura,^ 
both of which are classified under P. lunatus (see Sieva Bean) : 


Composition of Luca ajo) Related Beans 



Samples 

Water 

Protein 

Fat 

N-f. ext. 

Fiber 

Ash 



% 

% 

% 

% 

% 

% 

Fresh Lima beans: 








A. and B 

1 

! 68.5 

7.1 

0.7 

20.3 

1.7 

i.r 

Agcaoili 

1 

65.50 

7.30 

1.26 

23.37 

0.77 

1.84 

Dried Lima beans: 








A. and B 

4 







Min 


8.3 

12.8 

0.6 

61. 

.... 

3.6 

Max 


12.2 

24.5 

1.9 

70.1* 

.... 

4.7 

Aver 


10.4 

18.1 

1.6 

65.9* 

.... 

4.1 

Rangoon beans: 








B. and H 

1 

11,74 

17.24 

1.43 

58.90 

6,63 

4.06 

Honiei-tan: 








Okumura 

1 

60.10 

10.44 

0.51 

24.23 

2.46 

2.26 


* Includes fiber. 


Proteins. — Preparations from seeds of a pole and a bush variety, 
made by Jones, Gersdorff, Johns, and Links,*'’ were found to be identical. 

^ U. S. Dept. Agr. Off. Exp. Sta. 1906, Bui. 28 rev. 

* Philippine J. Sci. 1916, 11, 91. 

3 Pharm. Zentralh. 1920, 61, 27. 

^ J. Tokyo Qieni. Soc. 1920, 41, 556. 

6 J. Biol. Chem. 1922, 53, 231. 
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The bean contained 3.38 per cent of nitrogen in the form of proteins of 
which 72.32 per cent was soluble in 3 per cent salt solution at ordinary 
temperature. a-Glohulin (2.74 per cent) separated on adding ammonium 
sulphate to 0.25 saturation and ^-glohnlin (7.47 per cent) on increasing 
the amount to between 0.45 and 0.75 saturation. An albumin (8.25 
per cent) was obtained from a water extract from which the globulins 
had been removed by dialysis and treatment with carbon dioxide. 

The Ultimate Composition of the proteins, as determined by the 
authors named above, follows: 



a-Globulin 

j3-Globulia 

Albumin 


% 

% 

% 

Carbon 

53.65 i 

52.72 

54.17 

Hydrogen 

6.65 

6.77 

6.63 

Nitrogen 

15.55 

14.81 

14.22 

Sulphur 

1.27 

0.35 

1.15 

Oxygen 

22.88 

25.35 

23,83 


100.00 

100.00 

100.00 


Amino Acids of Lima Bean Proteins. — Jones, Gersdorff, and Moeller^ 
obtained the following figures on cystine and tryptophane respectively: 
a-globulin 1.56 and 1.92, /5>globulin 0.82 and 2.16, total globulin 0.78 
and 1,77, and albumin 1.11 and 1,37 per cent. 

Nitrogen Distribution . — Determinations by Jones, Gersdorff, Johns, 
and Finks ^ yielded the following results: 


^-Globulin /3-Globulin Albumin 


Humia N adsorbed by lime 

Humin. N adsorbed by amyl alcohol-etberj 

Cystine N 

Tryptophane N 

Arginine N 

Lysine LT 

Histidine N 

Amino N of filtrate 

Hon-amino N of filtrate 

Amide N 


2.01 

1.57 

1 .86 

0.21 

0.07 

0.19 

1.20 

0.67 

0.88 

+ 

+ 

4- 

11.72 

11.02 

12.97 

9.67 

11.04 

8.04 

6.46 

4.80 

4.88 

55.69 

59.75 

62.66 

2.89 

1.55 

0.61 

10.31 

10.19 

9.78 


Biol. Chem. 1924, 62, 183. 
^Loc. cit. 
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Minor Mineral Constituents. Irm.—Poh Lima 80, bush Lima lOO mg. per kilo, 
dry basis (McHargue).! Lima 116.6 mg. pex Idlo, air-dry basis (Peterson and 
Elvebjem).^ Fresh beans, 2 samples, 20.9, 22.0 mg, per kilo, fresh basis (Toseani 
and Leznikoff).^ 

Manganese . — Pole Lima 18, bush Lima 19 mg. per kilo, dry basis (McHargue).^ 

Co^pper . — Lima 8.6 mg. per kilo (Satterfield and Jones).* Lima 8.6 mg. per kilo, 
air-dry basis (Lindow, Elyebjem, and Peterson).® 

SIEYA BEAN 

Pk(ueolus lumtus L. 

Fr. Haricot de Java,. Ger. Sievabohne. 

The Sieva or civet bean, often confused with the true Lima, is a 
native of tropical America. The typical form is a low climber, but 
there are dwarf varieties such as Henderson Dwarf Lima. Under the 
name of Java, Rangoon, and Burman beans, both colored and white 
seeds, stated to be of P. Innatm, are shipped to Europe from the East 
Indies. It is these beans from the Far East wMch have been found to 
contain considerable amounts of cyanogenetic glucosides, 

MACROSCOPIC STRUCTURE. — ^The plants of both tall and dwarf 
varieties of Sieva beans are distinguished from the Limas by the much 
more delicate habit of growth. The small, curved, and pointed pod 
contains, as in the Lima, flattened seeds, varying in color from white 
to brown, or mottled, hut they are much smaller (up to 1.75 cm. in 
length). Only the white-seeded varieties are commonly grown in the 
United States. 

MICROSCOPIC STRUCTURE.— Beans of the tall and dwarf 
varieties found on the American market are indistinguishable from 
each other and both closely resemble the true Limas except that the 
palisade cells seldom if ever are as high (usually less than 60 ju). 

CHEMICAL COMPOSITION.— Proximate analyses of the Ran- 
goon bean and hontei-tan are given under Lima Bean. No analysis of 
the white Sieva bean as grown in the United States is available. 

Nitrogenous Bases. — In air-dry honiei~tan, Okumura^ found 
adenine as chloride 0.004, arginine as nitrate 0.009, histidine as chloride 
0.004, choline as double platinum salt 0.063, and trigondlin as chloride 
0.063 per cent 

1 J. Agr. Res. 1923, 23, 395. 

2 J. Biol. Chem. 1928, 78, 215. 

5 J. Nutrition 1934, 7, 79. 

* J. Elisha Mitchell Sci. Soc. 1932, 48, 16. 

« J. Biol. Chem. 1929, 82, 46S. 

6 J. Tokyo Chem. Soc. 1920, U, 556. 
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Cyanogenetic Glticasides. — No e'vidence is at land that the Lima 
bean or the white Sieva hean, as grown in American gardens, contains 
an appreciable amount of cyanogenetic glacosides, but much has been 
written on the glucoside 2>haseolumtm present in seeds of wild yarieties 
of P. lunatus, notably Java, Burman, and Eangoon beans, which 
through enzyme action splits up with the formation of hydrocyanic 
acid. Gilkinet,^ in discussing claims of Dunstan and Henryk and 
Jorissen ^ for the discovery of Unamann, the cyanogenetic glucoside of 
the flax plant, states that linamarin and phaseolunatin are probably 
identical. 

Kohn-Ahresf^ determined the hydrocyanic acid liberated by water 
and subsequently by hydrochloric acid in 8 samples of variously colored 
Java beans, 6 samples of Burman beans, and 2 samples of colored 
Burman beans, with results ranging respectively as follows: water- 
soluble 37 to 127, 5 to 12, and 7 to 9; acid-soluble 13 to 37, 3 to 9, and 
4; total 53 to 164, 9 to 20, and 11 to 13 mg. per Mb. Arragon^ found 
only 3.68 to 4.82 mg. per 100 grams in Indians amples; Hendrick® 
found as much as 216 mg. per 100 grams in Java beans but smaller 
amounts in Burman or Eangoon beans. 

It is stated by Dunlop^ and some other writers that it is the dark- 
colored seeds of Java beans which yield considerable amounts of hydro- 
cyanic acid; Simpson/ however, found that the only variety examined 
by him which yielded over 40 mg. per 100 grams was Rangoon blanca, 
the remainder yielding only 3 to 8 mg. or none, and Kohn-Abrest, as 
noted above, found small amounts in colored Burman beans. 

Serrano® reports in dried wild, semi-wild, and cultivated beans 60 
to 240, 49 to 55, and 30 mg. and in green wild and cultivated beans 30 
and 11 mg. per 100 grams respectively. In Fhaseolus mungo, Fwpho- 
carpus tetragonolohuSf and Vigna sinensis he was unable to find any 
hydrocyanic acid. 

Guignard ^ ® found that the glucoside disappears on sprouting, except 
in etiolated parts. Sudendorf and Gahrtz, ^ ^ on the other hand, found 

1 Bui. soc. belg. chim. 1907, 799. 

2 Ibid. 1907, 790. 

3 Ibid. 1907, 793. 

Mon. sci. 1906, 64, 797. 

Unters. Nahr.-Genussm. 1906, 12, 539. 

0 Trans. Highland, Agr. Soc. Scotland 1907, 19, 139. 

^W. Indian Bui. 1915, 16,29. 

^Ann.acad. cien.med., fis., nat., Habana 1918, 56, 250. 

8 Philippine Agr. 1923, 11, 163. 

^®Compt. rend. 1908, 147, 1023. 

Unters. Nahr.-Genussm. 1920, 39, 350. 
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that the amounts of hydrocyanic acid increased during fermentation. 

Government limits for hydrocyanic acid vary with the time and 
country. Dunbar ^ refers to the German limit of 35 mg. and Barilli^ 
and Guignard^ to the Trench limit of 20 mg. per 100 grams. 

Arragon/ Hendrick, ^ Whirtle and Rheinberger, ^ Berg/ and others 
state that by soaking in water, boiling, and rejecting the liquid the 
beans are rendered harmless. Serrano,^ however, found that although 
95 per cent of the hydrocyanic acid was removed by boiling 2 hours, 
the part remaining imparted a hitter taste. Complete removal was 
effected by adding acetic acid to the liquid in which the beans were 
boiled, the acid being neutralized finally with lime water. Cohn® 
very properly calls attention to the losses resulting from the rejection 
of the hquid in wb'ch the beans have been soaked and boiled, amounting 
in his experience to 15 per cent of the nitrogenous substances and car- 
bohydrates and 50 per cent of the ash. 

Phosphorus-Organic Compounds. Phytin. — Bagaoisan^*^ found 0.87 
per cent, dry basis. 

Enzymes. — See Cyanogenetic Glucosides above. 

Mineral Constituents. — kn. analyses of the ash of hmteiAari by 
Okumura ^ ^ gave : 


K 20 

NasO 

CaO 

MgO 

FeaOa 

AI2O3 

PsOs 

SO3 

SiOa 

Cl 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

53.80 

2.26 

2.51 

6.40 

0.10 

0.10 

14.71 

2.14 

0.73 

0.54 


MOTH BEAN 

Phaseclns acmitifoUm Jacq. 

The moth bean is cultivated in its native habitat, India, both for 
human food and forage. 

MACROSCOPIC STRFCTIJRE. — The y}lant is trailing, 1 to 2 feet 
long, the leaflets are lobed, fhejicmers small, yellow, in heads. The yod 

1 Gesundh. lag. 1920, 43, 97. 

2 J. pharm. chim. 1908, [6], 29, 422. 

3 Ann. fals. 1916, 9, 301. 

^ Loc. cit. 

^ Loc. cit. 

® Z. Unters. ISTafar.-Geuiissni. 1920, 39, 316. 

7 Chem. Ztg. 1920, 44, 520. 

® Loc. cit. 

» Chem. Ztg. 1921, 46, 86, 101. 

Pbilippiae Agr. 1932, 21, 53. 

Loc. cit. 
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is about 5 cm. long, with cylindrical seed^ up to 4 nun. long and half 
as broad, dirty gray-brown in color. 

MICROSCOPIC STRUCTURE. Spermoderm . — The tissues are: 

(1) 'palisade cells, up to 40 ii high and 15 p broad, with flat outer ends, 

(2) mhepiderm of spool-shaped cells about 10 high and 20 p broad, 
and (3) parenchyma. 

Endosperm. — ISTo cells evident. 

Embryo. — Mesophyl cells of cotyledon, porous-walled, containing 
starch grains up to 27 p long, mostly ellipsoidal, some being semi- 
aggregates. 

Chief Stehotueai Chaeactees. — Seed up to 4 mm. long, dirty 
gray-brown in color. 

Palisade cells up to 40 ju high, subepiderm spool-shaped, starch 
grains up to 27 p long, ellipsoidal, occasionally semiaggregates. See 
also table p. 299. 

CHEMICAL COMPOSITION. — The following analysis is given by 
Church: 1 


Composition of Moth Bean 


Water 

Protein 

Eat 

N-f. e.vt. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

11.2 

23.8 

0.6 

56.6 

4.2 

3.0 


RICE BEAN 

Fhaseolus calcar atus Roxb. 

This legume, resembling the adzuki in its habits, is a native of Asia 
where it is now extensRely cultivated. 

MACROSCOPIC STRUCTURE, — The stem is erect; the leaves are 
entire; the flowers are yellow. The seedJis small, up to 9 nun. l(jng and 
half as broad, varying in color from bright red to colorless, with huge 
white hilum. 

MICROSCOPIC STRUCTURE. Spermoderm . — The tissues are: 
(1) palisade cells, up to 55 p high an;d 15 p broad, with flattc^ned outer 
ends, a light line, and lumens broadening from base outward, (2) suh- 
epiderm up to 19 p high and 30 p broad, of delicate spool-slinpc'd cells, 
without evident ribs, and (3) characterless parenchyma. The color is 
largely in the palisade cells. 


^ Food Grains of India, London, 188G, p. 151. 
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Hilum Cushion.— This consists of a mass of thin-walled cells filled 
with, small rounded starch grains. 

Endosperm.— Cells not evident. 

Embryo. — The indistinctly porous mesophyl cells of the cotyledon 
contain large aggregate and semiaggregate starch, grains up to 70 /i, 
varying from ellipsoidal, in the common garden bean type, to rounded, 
in the adzuki type. Numerous aleurone grainy accompany the starch. 

Chief Structural Characters.— Seed small, red to colorless, with 
large white hilum. 

Palisade cells up to 55 jlx, subepiderm spool-shaped, starch grains up 
to 70 /X, ellipsoidal or round. See also table p. 299. 

CHEMICAL COMPOSITIOli. — ^The following analysis is by 
Church 

CoMPOsrxroN of Bict Biait 


Water 

Protein 

Fat 

H-f . ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

10.5 

21. r 

0.6 

68.1 

6.2 

3.9 


MXJUG' BEAli 

Phaseolus anrms Boxb. 

The name mung often has been applied to P. Mungo^ but the latter 
is now commonly known as the urd. 

Bean SprowtSj a stable article of diet among the Chinese and a 
common ingredient of chop suey, are prepared by thoroughly soaking 
the beans and germinating under a damp cloth for several days. Canned 
sprouts are now obtainable throughout the United States. 

Blasdale^ states that the Chinese in the vicinity of San Trancisco pre- 
pare sprouts from green and red varieties of P. Mungo, as well as from 
Bolichos sesquipedaliSy while Chung and Ripperton ^ state that in Hawaii 
they use the soy bean {Glycine hispida) for large sprouts (up to 9 cm. 
long) and the mung bean (P. aurens) for small sprouts (4 cm. long), 

MACROSCOPIC STRTJCTTJBE — The pubescent yla7it is more or 
less erect, up to 3 feet high; the jlowers are small, yellow, in clusters. 
The rounded pod is up to 8 mm. long, with as many as 15 seeds. The 
seed is up to 5 mm. long, nearly as broad, and greenish in color. 

^ Loe. cit. 

® U. S. Dept. Agr., Of. Exp. Sta. 1899, Bui. 68, 

3 Hawaii Agr. Exp. Sta. 1929, Bui. 60. 



370 


VEGETABLES 


Bean sprouts from tLe Ckmese Quarter of New York, examined by 
the writers, were made from smaE red beans corresponding to the 
mung in structure. Tke stem and root together yaried up to 8 cm. in 
length. 

MICROSCOPIC STRUCTURE. Speimoderm.— The three layers 
are: (1) palisade cells, up to 55 ju high and 15 n broad, with flattened 
outer ends, (2) sulepiderm of delicate spool-shaped cells about 20 ii 
high and somewhat broader than high, and (3) parenchyina, 

Hiltim Cushion. — The cells of the small hilum cushion are packed 
with small starch grains. 

Endosperm. — ^No cells evident. 

Embryo. — The porous-walled cells of the cotyledons contain aggregate 
and semiaggregate starch grains up to 40 /u long, resembling those of 
the common bean but more irregular. 

Sprouts. — The epiderm of the root and stem consists of longitudinally 
elongated, thin-walled cells and occasional narrow stomata on the stem 
end, the inner epiderrn of the cotyledon of thin-walled, rounded- 
polygonal cells and numerous stomata, and the ouie^ epiderm of thin- 
walled, rounded cells with here and there isolated cells triangular in 
shape, but no stomata. Starch is absent. 

Chiep Steucttjeal. Characters.— Seed 5 mm. long, green. ' 

Palisade cells 55 ii high, subepidermal cells spool-shaped. Starch 
grains up to 40 p. Tissues of sprouts delicate, starch absent. See also 
table p. 299. 

CHEMICAL COMPOSITION. — ^The range in composition given 
below, compiled by Grimme^ from analyses by Church, Dyboroski, and 
himself, although stated to be of seeds of F. Mungo, probably in some 
or all cases are of the true mung bean (P. aurem Eoxb.) ; in any event 


Composition- of Mtjng Bean 



Water 

Protein 

Eat 

N-f. ext. 

Fiber 

Ash 

Seeds 

Church: 

% 

% 

% 

% 

% 

% 

Min 

9.20 

22.20 

0.79 

51.40 

4,20 

3.26 

Max 

11.40 

24.70 

2.70 

57.75 

5.80 

4.40 

Agcaoili 

14.70 

20.44 

0.93 

50, 5f) 

4.3f> 

3,01 

Adriano 

Pods 

13,53 

17.85 

1.20 

62,30 

1,52 

3.60 

Adriano 

82,01 

2.96 

1.19 

9.14 

3.G2 

1.07 


Unters. l^ahr.-Geniissm. 1911, 21, 547. 
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the bBans of the group show do marked differences in composition. 
Agcaoili^ states that the samples of beans analyzed by him were from 
P. aureus, and Adriano, ^ ^v^bo analyzed both seeds and pods, doubtless 
derived his samples from the same species. 

Bean Sprouts.— Adolph^ gives an analysis of Chinese sprouts from 
Peiping, and Chung and Ripperton^ give one analysis each of large 
and small sprouts from the Hawaiian market. 


Composition op Speouts 



Water 

Protein 

Pnt 

IT-f. ext. 

liber 

Ash 

Adolph 

C. and B.: 

Yc 

92.50 

% 

2.77 

% 

0.35 

% 

2.78 

% 

1.07 

% 

0.53 

Large sprouts. . . 
Small sprouts. . . 

82.40 

93.77 

7.62 

2.52 

1.07 

0.08 

6.71 

2.98 

0.86 

0.34 

1.34 

0.31 


Proteins. — Johns and Waterman^ extracted with 5 per cent salt 
solution about 19 per cent of the 21.74 per cent of total protein 
(N X 6.25), calculated in both cases to the dry matter of the seed. 
From the brine extract, they isolated 0,35 per cent of a-gMuUn by adding 
ammonium sulphate to 0.15 to 0.20 saturation and 5.75 per cent of 
P-glohuUn by increasing the amount of ammonium sulphate to 0.65 
saturation. The o:-globulin coagulates from the slightly acid solution at 
95 to 100® C., the /3-globulin at 68 to 71° C. A small amount of albumin 
coagulating at 45° C. was isolated. 

The Ultmate Composition of these proteins was as follows: 



a-Globulin 

/S-Globulin 

Albumin 


% 

% 

% 

Carbon 

53.63 

52.86 

54.32 

Hydrogen 

6.86 

6.89 

6.95 

Nitrogen 

15.65 

16.73 

14.76 

Sulphur 

1.50 

0.40 

1.10 

Oxygen 

22.36 

23.12 

22.87 


100.00 

100.00 

100.00 


1 Philippine J. Sci. 1916, 11, 91. 

2 Philippine Agr. 1925, 14, 57. 

* Philippine J. Sci. 1926, 30, 287. 
< lioc. cit. 

«J. Biol. Chem. 1920, 44, 303. 
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Ammo Acids of Mmg Bean Proteins , — The percentages of basic 
amino acids in the proteins, as determined by Johns and Waterman,^ 
follow: 



a-Globulin 

j8-Globnlin 


% 

% 

Cystine 

1.49 

0.00 

Arginine 

5.13 

7.56 

Lysine 

6.08 

9.29 

Histidine 

3.30 

2.03 


Jones, Gersdorff, and Moeller ^ obtained the following figures for 
cystine and tryptophane respectively: total coagulable protein 0.59 and 
1.62; a-globulin 1.68 and 2.03; /3-globulin D.44 and 1.18; albumin 1.34 
and 2.26 per cent. 

Nitrogen Distribution . — Results obtained by Johns and Waterman/ 
using Van Slyke’s method, are tabulated below : 



a-Globulin. 

/S-Globulin 


% 


Humin N adsorbed by lime 

2.56 

1.84 

Humin N in amyl alcohol extract 

0.00 

0.17 

Cystine N 

1.12 

0.00 

Arginine N 

10.54 

14.48 

Histidine N 

5.72 

3.25 

Lysine N" 

7.46 

10.60 

Amino N of filtrate 

61.06 

55.89 

Non-amino N of filtrate 

2.10 1 

2.32 

Amide N 

9.42 

11.76 


99.97 

100.31 


Phosphorus-Organic Compounds. Phytin. — Bagaoisair'^ found 0.92 
per cent, dry basis. 

Mineral Constituents, — Chung and Ripperton^ found in the large 
and small sprouts, the proximate analyses of which are given above, 
respectively, as follows: calcium 0.029 and 0.007; iron 0.0026 and 
0.0007; phosphorus 0.023 and 0.038 per cent; alkalinity of ash 16.4 
and 4.0 cc. normal acid per 100 grams of fresh vegetable. 

^ Loc. cit. 

2 J, Biol. Chem. 1924, 62, 183. 

s Philippiae Agr. 1932, 21 , 53. 

* Loc. cit, 
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URD 

Phasedus Mungo L. 

Fr. Haricot mungo. Ger. Mnngobohae. 

There has been some confusion in names, hut P. Mu?igo is now con- 
sidered to he the urd, and the related species P. anreus, the mnng 
bean. The urd is a native of the Orient^, where it is widely cultivated. 
Blasdale^ states that it is grown by the Chinese in the vicinity of 
San Francisco for making bean sprouts (see Bean Sprouts, under Mnng 
Bean). 

MACROSCOPIC STRUCTURE. — ^The nrd is distinguished from 
the mung bean chiefly by the more procumbent form of the plant, 
the longer pods, and the darker color of the seeds. 

MICROSCOPIC STRUCTURE. — ^The Spermodenn resembles that 
of the mnng hean. The tissnes are: (1) 'palisade cells, up to 50 ju high 
and 15 ju broad, with flattened outer ends and 20 p. broad very dark 
cnticle, (2) sulepiderm of spool-shaped cells, about 15 p high, and 
(3) parenchymd, 

Hilum Cushion. — ^The cells are packed with starch grains. 

Endosperm. — Ho cells evident. 

Embryo. — The starch grains of the cotyledons are of the common 
bean type, up to 27 p long. 

Chief Structural. Ceahacters. — S eed similar to mung bean. 

Spermoderm similar to that of mung bean. Starch of common bean 
type, np to 27 jj, long. See also table p. 299. 

CHEMICAL COMPOSITION. — ^The following are analyses by 
Blasdale^ of green and red beans, by Church^ of green beans, and by 


Composition of Ued 



Water 

Pro- 

tein 

Pro- 

tein, 

pure 

Pat 

N-f. 

ext. 

Starch 

Su- 

crose 

Sugars, 

reduc- 

ing 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Rlasdale: . . . 











Green, . . . 

8.83 

22.64 

21.88 

1.34 

59.82 

48.54 

0.00 

0.00 

4.52 

2.85 

Red 

10.47 

21.06 

18.19 j 

0.61 

69.62 

48.36 

1.65 

0.00 

5.02 

3.22 

Church : 












10.8 

22.2 


2.7 

54. 1 




5.8 

4.4 

\jrr06n, « . . 

9.21 

18.30 j 


4.88 

62.49 




4.89 

4.23 

Agcaoili .... 








1 U. S. Dept. Agr., Off. Exp. Sta. 1899, Bui. 68. 


2 Log. cit. 

® Food Grains of India, London, 1886, p. 151. 
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Agcaoili^ of an unknown variety, all stated to be from P. Mungo. 
Whetlier these are of the xird or the mnng bean seems uncertain in view 
of the confusion in the literature. 

Minor Mineral Constituents. Co'p'per . — Seeds of var. suhtilzhata Fr. et Selt. 
5.9 mg. per kilo, dry loasis (Hirano and Mikumo).^ 

Enzymes. — Experiments by Nag and Banerjee^ indicate that the 
ungerminated seeds of P. Mungo L. di:ffer from the germinated in that 
they contain no proteolytic enzyme acting on peptones; neither, how- 
ever, contains an. enzyme acting on fibrin. 


ADZUKI 

Phaseolus angularis Willd. = P, Mungo var. glaher Roxb. 

Althongh little known in the Occident the seeds of this legume form 
an important item in the diet of the Japanese and Chinese. 

MACHO SCOPIC STRUCTURE. — The species belongs to the group 
with lohed leaflets and yellow flowers. The pod is narrow cylindrical 
The seed (Fig. 108) is small, varying from nearly 
isodiametric to somewhat elongated and flattened. 
IBB Oiim the seeds are rounded-quadrilateral in outline, 
m ■Hb Dark wine-red is a common color, but there are buff, 
^Ir black, and mottled varieties. The hilnm, reaching 
Fia. 108.— Adzuki. covered with a white cushion bordered 

Seed. X2. by a caruncle. It extends nearly to the chalaza 

(A.l.'W.) end, hence the raphe joining the strophiole and the 

chalaza is relatively short. 

MICROSCOPIC STRUCTURE. (Fig. 109) .—Brief descriptions of 
the histology of the seed are given by Win ton. ^ 

Spermoderm (>8). — The three layers are: (1) palisade cells (pal) 
up to 70 p, high and 16 p broad, flattened at the outer ends, with lumens 
uniformly broadening to the inner ends; (2) suhepiderm (sub) of typical 
spool-shaped cells, up to 15 p high and 55 p broad, without evident 
ribs; and (3) parenchyma (p) with few large intercellular spaces, the 
cells being largest in the middle layers and compressed in the inner. 

The pigment that determines the color of the seed is present in 
the palisade cells of the epiderm, also in the thick-walled spongy paren- 
chyma cells beneath the hilum. 


1 Philippine J, Sci. 1916, 11, 91. 

2 J. Pha-rm. Soc. Japan 1925, 626, 992. 

3 Trans. Bose Res. Inst. Calcutta 1930-31, p. li. 

4 Moeller: Mikros. Nahr.-Gennssm., Berlin, 2 Aufl. 1905, p. 269; Micros. Veg. 
Eoods, New York, 1st Ed. 1905 and 2ad Ed. 1916, p. 241. 
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Catuacle and Hil-uni Cuskion, — ^The palisade cells of the caruncle 
are moderately elongated. These ceUs, as well as those of the hilum 
cushion, contain numerous small starch grains. 

Endosperm (S'), This layer is not strongly developed but may be 
found in carefully cut sections. 

, Embryo. Excepting the small iso diametric cells of the epiderms, 
the cells of the cotyledon (C) have indistinctly porous walls. Palisade 
cells are lacldng. The starch grains are 
remarkable for their large size, up to 
80 At, and their obviously aggregate and 
semiaggregate structure to which the 
triangular or trefoil shape of many of 
them is due. Rifts are common, often 
extending in different directions from 
the center. The numerous aleurone 
grains {al) accompanying the starch 
in the mesophyl are round or elongated, 
up to 10 iJL. 

Chiei’ SrEXJCTURAn CHinAcrEiiS. — 

Seeds small, of various colors, with 
relatively long hilum extending to near 
chalaza end. 

Palisade cells up to 70 fi high and 
16 AC broad; subepidermal cells spool- 
shaped, up to 15 ju high and 55 /u broad. 

Cells of caruncle and hilum cushion 
with small starch grains. Endosperm 
inconspicuous, of a single layer. Starch 
grains large, up to 80 jx, many triangular 
or trefoil-shaped. See also table p. 299. 

CHEMICilL COMPOSITION.— 

Analyses of 2 samples of the red ad- 
zuki bean, reported by Lindsey, Smith, 
and Beals, ^ contained on the average as follows : 


Composition of Adztiki Beans (Lindsey et al.) 


Water 

Protein 

Fat 

N-f . ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

/O 

14.0 

21.0 

0.7 

S6.7 

4.0 

3.6 


Massaetusetts Agr. Exp. Sta. 1919, Spec. Bui. 



Pig. 109. — ^Adzuki. Seed in cross 
section. S spermoderm : pal 
palisa.de cells with cut cuticle 
and I light line, sub subepiderm, 
p parenchyma. E endospenn. 
C cotyledon: ep outer epiderm, 
al aleurone grains and am starch 
grains of mesophyl. X 160. 
(K.B.W.) 
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Proteins. — Osborne and Campbell isolated from the adzuki bean 
two proteins: (1) fhaseoUn, identical in composition and properties* 
with that of the common white bean, and (2) a second glob'ulin which 
separated from the solution from which phaseolin had been precipitated 
by further addition of ammonium sulphate to complete saturation. 

Jones, Pinks, and Gersdorff^ extracted with 5 per cent salt solution 
16.7 per cent out of the 2113 per cent of total protein present. From 
the extract, by precipitation with ammonium sulphate to dif erent de- 
grees of concentration, they separated two proteins which they desig- 
nated a- and ^-glolnlin. From a water extract they obtained a small 
amount of an allwrmi, 

Takahashi and Itagaki,^ in their examination of adzuki beans 
(under the name of Adzukia mhtrilohata) j found 27.5 per cent of pro- 
tein of which 15 per cent consisted of two globulins (/Si and 02) and an 
albumia. Both of the globulins resemble the /^-globulin of Jones, Finks, 
and GersdorS. 

Ultimate Composition , — The proteins isolated by the American in- 
vestigators contained as follows: 



Osborne and Campbell 

Jones, Fiaks, and Gersdorf 

Phaseolin 

Grlobulin 

a-Globulin 

ftGlobulin 


% 

% 

% 

% 

Carbon. 

62.56 

53,97 

52.75 

53.57 

Hydrogen 

6.97 

7.01 

6.97 

6.79 

Nitrogen. 

16.45 

16.31 

15.64 

16.46 

Sulphur 

0.57 

0.88 

1.21 

0.40 

Oxygen 

23.45 

21.83 

23.43 

22.78 


100.00 

100.00 

100.00 

100.00 


Amino Acids of Adzuki Bean Broieim.—'lhQ percentages of basic 
amino acids as found by Jones, Finks, and Gcrsdorff,^ and of cystine 
and tryptophane as found by Jones, Gersdorff, and Moeller^ appear in 
the tables on the following page. 

Takahashi and Itagaki^ report in ft- and ft-globulin respectively: 
lysine 10.2 and 5.8 per cent. 

1 J. Am. Chem. Soc. 1897, 19, 509. 

2 J. Biol. Chem. 1922, 61, 103. 

* J. Biocbem. Japan., 1925, 5, 311. 

‘ J- Biol. Chem. 1924, 62, 183. 
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a-Globulin 

i3-Globulin 


% 

% 

Cystine 

1.63 

0.86 

Tyrosine 


2.13 

Tryptophane 

+ 

+ 

Arginine 

5.45 

7.00 

Lysine 

8.30 

8.41 

Histidine 

2.25 

2.51 



Total 



Total protein 

Total 


globulins 

a-Globulin 

/5-Globulin 

of alcohol 

coagulable Proteose 





extract 

protein 

Cystine 

0.57 

1.77 

0.41 

0.71 

0.88 2.86 

Tryptophane. 

1.20 

1.72 

0.S6 

1.83 

1.32 0.00 


Nitrogen Distribution oj Adzuhi Bean Proteins. — Jones, Finks, and 
Gersdorff,^ by Tan Slyke's method, obtained as follows: 



o^Globulin 

iS-Globulin 

Hnmin N adsorbed by lime 

1.40 

0.84 

Hnmin N in amyl alcohol extract 

0.12 

0.05 

Cystine iNT 

1.21 

0.60 

Arginine N 

11.25 

13.61 

Lysine N 

10.20 

9.75 

Histidine N 

3.92 

4.09 

Amino N of filtrate 

58.63 

55.28 

Non-amino N of filtrate 

3.66 

4.00 

N 

10-04 

10.91 


100.43 

99.13 

According to Takaha^shi and Itagaki,^ 

52.2 and 61.2 per 

cent respec- 


tively of the total nitrogen of j^i- and j 52 -globulin consists of monoamino 
nitrogen. 

' lioc. eit. 

2 Loc. cit. 
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CHINA BEAN or COW PEA 

Vigna sinensis (L.) Endl. = Dolichos sinensis L. 
Fr. Pois de vache. Ger. China-Bohne. 


Notwithstanding the specific name which suggests oriental origin, 
the China bean, also known as the black-eyed bean and in the United 
States as the cow pea, is believed to be a native of central Africa. It 
is grown in the southern states of the United States for shell beans, 
being used both green and dry as a vegetable, also for forage. (See 
Forage Plants, VoL L) 

MACROSCOPIC STRUCTURE. — Both the plant and the fruit, 
consisting of long (often 30 cm.), narrow pods, show the relationship with 
the common bean and not with the pea. As many 
as twenty-five seeds may occur in a pod, so distend- 
ing it as to give a beaded appearance. 

The seeds (Fig. 110) vary from kidney-shaped 
(up to 13 mm. long) to nearly spherical. There are 
black-, brown-, red-, yellow-, buff-, and white-seeded 
varieties. About the hilum the spermoderm is 
depressed and of a dark color, forming the black 
eye of dark seeds. The hilum itself is 3 to 3.5 mm. 
long, about half as broad. It is covered by a conspicuous white, raised 
cushion. The caruncle or rim of the cushion is brown and firm in 
texture. Both the strophiole and the micropyle are clearly evident 
under a lens. 


fm. 110.— China 
Bean. Seed. X 2. 
(A.L.W.) 


MICROSCOPIC STRUCTURE (Fig. 111). Spermoderm 

Over the middle of the cotyledon the tissues are: (1) palisade cells 
(paZ), up to 70 /i high and 15 /i broad, of which 10 is light line (Z), with 
flat outer ends; (2) snhepiderm {sub), up to 20 high and hroad, of 
spool-shaped cells; and (3) spoTigi/ parenchyma (p), the inner layers of 
which are more or less compressed . 

Mann^ found that the lumens of the palisade cells of white varieties 
are distorted while those of dark varieties are symmetrical. 

Beneath the hilum the spongy parenchyma is thick-walled, and the 
irregular-shaped cells contain dark contents. 

Caruncle . — Palisade cells, up to more than 500 p, with no visible 
contents, form the caruncle. 

Hilum Cushion. — Thick-walled spongy parenchyma fills the central 
space over the hilum. 


^ J. Agr. Res. 1914, 2, 33. 
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Embiyo. TI 16 thin- walled, isodiamotric 7ifh€sophyl pdTeTichyTTici of 
the cotyledons (C) contains starch grains {am) up to 35 //, most of 
which show rifts, wliereas many show ^ 

by their irregalar swellings and their 
deportment with polarized light that 
they are aggregates or semiaggregates. 

Chief STRiicTURAii Characters. — 

Seeds hidney-shaped or nearly globular, 
of various colors with a black rim about 
the hilura. 

Palisade cels of spermoderm up to 
70 {j. high and 15 jit broad; subepidermal 
cells up to 20 IX high and broad. Palisade 
cells of caruncle up to more than 500 jtt. 

Starch grains seldom reaching 35 ja, 
hence the smallest found in common 
legumes. See also table p. 299. 

CHEMICAL COMPOSITION.— 

Five analyses of China bean, including 
black, yellow, black-eyed, and unnamed 
varieties, made at the New Jersey and 
North Carolina Experiment Stations 
from 1879 to 1882,^ show the follow- 
ing range and average : 

Composition- of China Beans 



Water 

Protein 

Fat 

N-f. ext. 

Fiber 


Min.. 

10.01 

19.31 

1.28 

50.51 

3.37 

2.94 

Max.. 

20.85 

23.02 

1.55 

61.99 

5.03 

3.35 

Aver. 

14.81 

20.75 

1.44 

66.72 

4.06 

3.22 



Fig. 111. — China Bean. Seed in 
cross section. S spermoderm : 
'pal palisade cells with I light 
Ime, svb subepiderm, p paren- 
chyma. C cotyledon: ep outer 
epiderm, am starch parenchyma 
of mesophyl. X 160. (AL.W.) 


Atwater and Bryant^ summarize 13 analyses of dried beans, but 
the range is not materially different from that given above. A single 
analysis of the edible portion of green China beans showed: water 
65.9, protein 9.4, fat 0.5, total carbohydrates 22.7, and ash 1.4 per cent. 

Proteins. — Osborne and Campbell^ isolated three distinct globulins : 
(1) vigniHj forming the bulk of the total protein of the bean, which 

1 IT. S. Dept. Igr-, Of. Exp. Sta. 1892, Bui. 11. 

2 Ibid. 1906, Bal. 28 rev. 

» J. Am. Chem. Soc. 1897, 19, 494. 
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resembles legiimin m its ultimate composition and physical properties 
but differs from it in its amino acid content, (2) phaseoKn, and (3) an 
extremely soluble glcbuUn that dissolves in very dilute salt solution. 

Ultimate Composition , — The followirig analyses are by Osborne and 
Campbell: 



Vignin 

Phaseolin 

Soluble Globulin 

Carbon . . 

52.64 

62.27 

53.25 

Hydrogen 

6.95 

6.97 

7.07 

Nitrogen . 

17.26 

16.69 

16.36 

Sulphur. . 

0.60 

0.50 

1.11 

Oxygen.. 

22.66 

23.57 

22.21 


100.00 

100.00 

100.00 


Amino Adds of Yignin , — By Fischer’s hydrolysis method, Osborne 
and HeyP obtained the following percentages: 

Products of Hzdeoltsis op Vignih (Osbobn'b and Hbyl) 


% 

Glycocoll 0.00 

Alanine 0.78 

Valine 0.29 

Leucine 6.73 

Aspartic acid 2.94 

Glutamic add 12.84 

Tyrosine 2.03 

Phenylalanine 4.69 

Proline 4.41 

Tryptophane -h 

Arginine G . 04 

Lysine 3.77 

Histidine 2.71 

Ammonia 2.18 


4f).41 

Part of the deficiency shown in the above table, as explained by 
the authors, is accounted for by (1) amino acid mixture, weighed but 
not separated 6.98 per cent, (2) one-half of the undistillcd residue 3.49 
per cent, and (3) 20 per cent of the amino acids which escaped esterifica- 
tion 7.58 per cent. 


J Am. J. Physiol. 1908, 22, 362. 
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Jones, Gersdorflf, and Moeller^ found in vignin: cystine 0.52 and 
tryptophane 1.65 per cent. 

Phosphorus-Organic Compounds. Phytin. — Bagaoisan^ found 8.58 
per cent, dry basis. 

Colors. — Mann^ found (1) a pale yellow to copper red basic color 
in the parench 3 ana of the spermoderm and (2) pigmented areas of 
either anthocyanin or melanin-like substances. He also notes that if 
the anthocyanin is red it is due to an acid condition but if blue or black 
to alkaline. 

Minor Mineral Constitnents. Ccpper. — ^Black-eyed peas 7.36 mg. per kilo (Satter- 
field and Jones) 


BLACK-EYEB LONG BEAN 

Dolickos melanophtkdmm DC. = D. monochalis Brotero 
Ger. Schwaizangige Xanghohne. 

Harz^ describes this seed briefly, M. Kondo^ in detail with six illus- 
trations. 

MACROSCOPIC STRUCTURE. — Judging from Kendo’s illustra- 
tions, the seed resembles closely the China bean in form but is some- 
what larger. 

MICROSCOPIC STRUCTURE.— Harz states that the palisode cells 
in the thinner part of the spermoderm are 22 to 24 y high; Kondo states 
that they are 35 to 40 high, but his cuts, which are drawn to scale, 
show them as about 60 p high or nearly the height of the pahsade cells 
of the China bean. Kondo’s measurements of the suhepidermd cells 
and the starch grains also correspond closely with those of the China 
bean. 


HYACINrH BEAN 

Doliches Lablab L. = D. cnltraius Thunb. == D. purpureas Lindl. = 
Labial vulgaris Savi = L. cultratus DC. 

Fr. Dolic d’Bgypte. Ger. Lablab. 

Other names for this legume are lablab and Egyptian bean. Known 
in the temperate zone chiefly as an ornamental vine, in the tropics it 

^ J. Biol. Chem. 1024, 62, 183. 

2 Philippine Agr. 1931, 21, 53. 

2 Loe. cit. 

4 J. Elisha Mitchell Sci. Soc. 1932, 48, 16. 

® Samenkande, Berlin, 1885, p. 735. 

® Z. Unters. Nahr.-Gentissm. 1013, 25, 1. 
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resembles legnmin in its ultimate composition and physical properties 
but differs from it in its amino acid content, (2) phaseoUn, and (3) an 
extremely soluble globulin that dissolves in very dilute salt solution. 

Ultimate Composition , — The following analyses are by Osborne and 
Campbell: 



Yignin 

Phaseolin 

Soluble Globulin 


% 

% 

% 

Carbon 

52.64 

52.27 

53.25 

Hydrogen 

6.95 

6.97 

7.07 

HitTogen 

17.25 

16 .69 

16.36 

Sulphur 

0.60 

0.50 

1.11 

Oxygen 

22.66 

23.57 

22.21 


100.00 

100.00 

100.00 


Amino AcUs of Yignin . — By Fischer’s hydrolysis method, Osborne 
and HeyP obtained the following percentages: 

Products of Hydrolysis op Vignin (Osboentb and Hbyl) 


% 

Glycocoll 0.00 

Alanine 0.78 

Valine 0.29 

Leucine . 6.73 

Aspartic acid 2.94 

Glutamic acid 12.84 

Tyrosine 2.03 

Phenylalanine 4.69 

Proline 4.41 

Tryptophane + 

Arginine 6.04 

Lysine 3.77 

Histidine 2.71 

Ammonia 2.18 


49.41 

Part of the deficiency shown in the above table, as explained by 
the authors, is accounted for by (1) amino acid mixture, weighed but 
not separated 6.98 per cent, (2) one-half of the undistilled residue 3.49 
per cent, and (3) 20 per cent of the amino acids which escaped esterifica- 
tion 7.58 per cent. 


Am. J. Physiol. 1908, 22, 362. 
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Jones, GersdorflP, and Moeller^ found in yignin: cystine 0.52 and 
tryptophane 1.66 per cent. 

Phosphorus-Organic Compotinds. Phytin. — Bagaoisan^ found 8.58 
per cent, dry basis. 

Colors. — Mann^ found (1) a pale yellow to copper red basic color 
in the parenchyma of the spermodeim and (2) pigmented areas of 
either anthocyanin or melanin-hke substances. He also notes that if 
the anthocyanin is red it is due to an acid condition but if blue or black 
to alkaline. 

Minor Mineral ConsUtaents. Copper. — ^Black-e^ed peas 7.36 mg- per kilo (Satter- 
field and Jones) 


BLACK-EYEB lOUG BEAU 

Dolichos melanophtkalmics DC. = D. mmochalis Brotero 
Ger. Schwarzaugige langbohne. 

Harz® describes this seed briefly, M. Hondo® in detail with six illus- 
trations. 

MACROSCOPIC STRUCTURE.— Judging from Hondo’s illustra- 
tions, the seed resembles closely the China bean in form but is some- 
what larger. 

MICROSCOPIC STRUCTURE-— Harz states that the palisade cells 
in the thinner part of the spermoderm are 22 to 24 fi high; Hondo states 
that they are 35 to 40 ^Lt high, but his cuts, which are drawn to scale, 
show them as about 60 p high or nearly the height of the palisade cells 
of the China bean. Hondo’s measurements of the sulepiderrml cells 
and the starch grains also correspond closely with those of the China 
bean. 


HYACINTH BEAN 

Dolichos Lablah L. = D. cultraius Thunb. = D. purpureas Lindl = 
Lablab vulgaris Sari = L. cultraius DC. 

Fr, Bolic d’Egypte. Ger. Lablah. 

Other names for this legume are lablab and Egyptian bean. Known 
in the temperate zone chiefly as an ornamental vine, in the tropics it 

1 J. Biol. Chem. 192d, 62, 183. 

2 Philippine Agr. 1931, 21, 53. 

3 Loc. cit. 

4 J. Elisha Mitchell Sci. Soc. 1932, 48, 16. 

5 Samenkunde, Berlin, 1885, p. 735. 

« Z. Unters. Nahr.-Gentissm. 1913, 25, 1. 
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yields both string and shell beans for the table. De Candolle believes 
that its original habitat is India, where it still is much used for food. 

MACROSCOPIC STRUCTURE.— As in Yigna^ the white or purple 
papilionaceous flowers have an incurved keel and style, but the style 


is hairy only on the inner side below the 
stigma and on the outer side it is not 
extended beyond the stigma. The g>od 
is rather short (up to 9 cm.), flattened, 
pointed, smooth except on the edges, 
and contains about four seeds. 

The seed (Eig. 112) is ellipsoidal, up to 
1.2 cm. long, buff, red, brown, or black, 
with a hilum covered by a conspicuous 
caruncle and a white cushion running 
fully one-third the distance about the 
circumference. It should be noted that 
while in most common legumes the hilum, 
if not central, is nearer the micropyle 
end, in this seed the arrangement is 
reversed. Strophiole and micropyle, both 
evident under a lens, are accordingly at 
the two opposite ends of the seed. 

MICROSCOPIC STRUCTURE (Figs. 
113 and 114).— The structure is briefly 
described by Harz ^ and by Tschirch and 
Oesterle^ and in detail by Kondo,^ The 



description which follows is based on the Fia. 113. — Purple Hyacinth 


Bean. Seed in cross section. 




Fig. 112.— Hyacinth Beam. Seed. X 2. (AX.W.) 


spermoderm : 'pal palisade 
cells with cut entiede and I 
light line, suh siibcpiderm, 
outer porous-walled and in- 
ar-r com pressed spongy ptiron- 
chyina. IC GriclfjspornL C coty- 
ledon: ep (jutfjr cpidorrn, am 
starch grains of mesophyl. 
X 160. (K.B.W.) 


authors’ examination of (1) whitc-fioworcd, buff-.siuidcd, ;ind (2) ptirplt- 
flowered, black-seeded rarieties. 


1 Samenkunde, Berlin, 1885, p. 736. 

® Anat. Atlas, Leipzig, 1900, p. 215. 

3 Z. Uaters. Nahr.-Gemssm. 1913, 25, 21. 
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Spermoderm (rig. 113, 8 ). — Sections cut through the center of 
one side show: (1) palisade cells (pal), up to 155 fi high and 15 p broad, 
with wedge-shaped cavities containing yellow or brown granules and 
crystals, a thick brown cuticle (cut), and a light line (1) about 13 >u 
broad; (2) suhepiderm (snb) of large spool-shaped cells, up to 70 jjl 
high and 60 /t broad; and (3) parenchi/na, porous and large-celled in 
the middle portion (p^), small-celled, very spongy, and compressed in 
the inner portion (p^). 

Beneath the hiluin the suhepiderm (see Pig. 114) forms a thick, 
loose tissue of variously shaped cells, with dark contents. Circling 
about the sclerenchyma group (sc) are elongated, thin-walled cells. 



Fig. 114. — Purple Hyacinth Bean. Cross section through hilum. Car palisade 
cells of camncle and Be spongy parenchyma of hilum cushion, both containing 
starch grains. Spermoderm : paP double palisade layer, modified outer 

parenchyma, sc sclerenchyma group surrounded by thin- walled cells, outer and 
inner thin-walled parenchyma. X 54. (KBiW.) 

Caruncle aad Hilum Cushion.— The palisade cells (Fig. 114, Car) 
of the caruncle are strongly developed, often reaching a height of over 
500 jix. These, as well as the rounded cells (He) of the spongy paren- 
chyma of the cushion, are closely packed with rounded or polygonal 
starch grains about 15 ju in diameter. 

Endosperm (Fig. 113, J5J).— In seeds examined by the writers, this 
formed a single layer of aleurcne cells. In Kendo’s material it was not 
evident. 

Embryo.— The cotyledons (Fig. 113, C) are without palisade cells. 
The walls of the mesophyl are porous. Starch gravis (am), up to 35 y, 
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occur in the mesophyl together with granular protein matter and fat. 
In addition to ellipsoidal and reniform grains, there are round© d- 
triangnlar or trefoil-shaped grains showing clearly their compound 
nature. Rifts may or may not be present. 

Chief Structurai Characters. — Seed flattened, ellipsoidal, light 
or dark, hilum with spongy cushion and caruncle extending fully one- 
third the distance about the edge. 

Palisade cells up to 155 ii high and 15 }i broad, with thick cuticle 
and light line; subepidermal cells spool-shaped, up to 70 n high and 60 
broad; parenchyma porous in the middle portion. Endosperm of a 
single aleurone layer. Caruncle and hilum cushion with rounded starch 
grains up to 15 ix. Mesophyl of cotyledon porous, with starch up to 35 
See also table p. 299. 

CHEMICAL COMPOSITION.—In the following table are a single 
analysis of the dried beans by Blasdale^ and the range of 7 analyses 
compiled by Grimme^ from various sources; also an analysis of the 
fresh beans by Agcaoili:^ 


CoMPOsi'TioN OF Hyacinth Bean 



Water 

Protein 

Fat 

N-f. ext. 

Fiber 

A.sh 


% 

% 

% 

% 

% 

% 

Dried: 







Blasdale 

12.1 

24.4 

1.5 

57.4 

1.2 

3.4 

Grimnie; 







Min 

10.20 

18.21 

0.78 

43.04 

1.20 

2.52 

Max 

12.90 

25.60 

2.80 

02.00 

7.73 

3.54 

Fresh; 







Agcaoili 

f^7.50 

3.32 

0.25 

0.10 

1.73 

0.95 


Proteins.— The n\siilts given herewith are by Narayanaturti and 
Raniaswanii.'^ By successive extraction with thc' solvents iiaincd, 
:hcy obtained tho following result^s in terms of uitrogini in the total 
litrogen: watcM' 72.8, 4 per cent, sodium chloride' 10.21, cold 70 p(M’ 
:;ent ethyl alcohol 1.27, hot 70 per cent ethyl alcohol 2.54, and 0.4 peu- 
ioni socliiini hy(lro.xi(lc 12.77 per cent.. 

LUtiniate Coni'p(mtu)u.-~-T\i() chief protein, diAiehonn^ a globulin, 


1 U. S. Dept. A^r., Off. Bxp. 8f.a. 1899, Bui. 68. 
“Z. Unti'rs. Nahr.-denussm. 1911, 21, 547. 
•G^hilipfiiiie J. H(‘i. 1910, 11, 91. 

^Bioehein. J. 1930, 24, 1650. 
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contained: carbon 51,83, hydrogen 8.51, nitrogen 15.5, sulphur 0.27, 
phosphorus 0.55, and oxygen 23.34 per cent. 

Anino Acids oj Dolichosin , — The figures for cystine, lysine, and 
tryptophane, given below, are averages of results by different methods 
agreeing within reasonable limits; the other figures were obtained in 
each case by the same method: 


% 

Cystine 0.99 

'Tyrosine 5.10 

'Tryptophane 2.53 

Arginine 8.11 

Lysine 6.63 

Histidine 0.86 


Nitrogen Distributim in Dolichosin . — The following results are in 
terms of nitrogen in the total nitrogen: humin 1.33, cystine 0.79, 
arginine 16.84, lysine 8.20, histidine 1.50, amino 56.35, non-ainino 3.77, 
amide 10.49, total 99.27 per cent. 


HORSE GRAM 

Dolichos biflonis L. 

Sanskrit ICulattha. Hindi ICulthi. 

This species is grown in India and has been introduced into the 
Ilnited States. 

MACROSCOPIC STRUCTURE.— Seeds flattened, up to 6 mm. 
long and 4 mm. wide. 

MICROSCOPIC STRUCrURE.~-No data. 

CHEMICAL COMPOSITION. — An analysis by Narayana^ shows, 
dry basis: protein 26.40, pure protein 21.93, fat 2.32, nitrogen-free 
extract 62.29, fiber 5.48, and ash 3.51 per cent. 

Proteins. — The globulin isolated by Narayaiia ^ yielded on hydrolysis, 
in the ash and water-free substance: cystine 1.81; tyrosine 6.68 ; tryp- 
tophane present; arginine 6.02 (Van Sly ko), 7.11 (direct); lysine 7.64; 
and histidine 0.84 per cent. 

The Nitrogen Distrihution was as follows: acid-insoluble luimin 
N 1.31, soluble humin N 0.05, cystine N 0.43, arginine IN 12.30, lysine 
N 9.24, histidine N 1.44, moiio-anuiio N 63.74, non-amino N 1.76, and 
amide N 10.43 per cent. 

Enzymes. — According to Menon and Rao- the content of uretue in 
horse gram is similar to that in soy bean. 

^ J. Indian Inst. Sci. 1930, 13A, 153. * Indian J. Med. Res. 1932, 19, 1077. 
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JACK BEAK 

Canavalic ensiformis DC. = C. gladiata DC. 

Several species of CanavaMa axe grown in the tropics and sub-tropics 
for their seeds and to some extent for the pod in the snap stage. The 
jack bean, or Chickasaw Lima, in the southern states of the United 
States serves as food for both man and cattle. 

Candvalia oUudJolia DC. is less widel 7 known. 

Chinese mixed pickles put up in tins in Hongkong often contain 
slices of the flattened green pod of the jack bean or a related species of 
Canavalia. 

Like several othex leguminous seeds, the jack bean has been used 
as a coffee substitute and adulterant. 

MACROSCOPIC STRUCTURE. — Both the trifoliate leaves and the 
inconspicuous white or purplish papilionaceous flowers resemble those 

of other common members of the group, 
but the flattened, tough pod is strik- 
ingly different, being of large size (often 
35 cm. long and 5 cm. broad) and con- 
spicuously four-ribbed along the ven- 
tral edge. Two of the ribs hank the 
somewhat depressed suture while two 
more are on opposite sides of the 
thickest part of the pod. The dorsal 
edge is well rounded and narrower 
than the ventral. When full grown 
but still turgid the walls of the pod 
are over 5 mm. thick with a leathery outer coat and a similar inner 
coat (endocarp) lining the cavity. 

The somewhat flattened ovate seeds (Fig. 115) are arranged with 
the longer axis at right angles to that of the pod but in the same plane. 
This necessitates the funiculus joining the seed at an angle since the 
hilum is on one of the longer edges of the seed, although iiearcu' die 
micropyle end than the chala 2 :a. 

In the variety commonly grown in the United States, the seed is 
white, up to 2 cm. long, and so uniformly rounded as to reseirihle a birdhs 
egg. The hilum is often 8 mm. long. About the hilum Is a conspicuous 
dark red border, but only traces of a caruncle and hilum cushion are 
evident. Of the three samples examined by Ivondo,^ one from Mada- 
gascar conforms quite closely to this description, reaching 2.2 cm. in 

'■ Z. bnters. Nahr.-Genuasm. 1913, 26 , 26. 



Fig. 115.— Jack Bean. Seed X 2. 
(A.I.W.) 



JACK BEAN 


387 


length. Of the two others, both from Japan, one was red, up to 3 cm. 
in length, the other white, up to 2.7 cm. in length. In addition to being 
larger than the American and Madagascar beans, both, as appears from 
Kondo’s cuts, are pointed at the chalaza end and the hilura is longer 
and more nearly in the center of the edge. These marked differences, 
coupled with differences in the histological structure, suggest that 
possibly two hotanical varieties are represented. 

MICROSCOPIC STRUCTURE OF GREER POD. Pericaip.— The 
large green pod found in Chinese pickles is analogous in structure to the 
snap bean hut the layers are more strongly developed and the whole 
is coarse and tough. The tissues are: (1) epicarp (Fig. 116) of isodia- 
metric ground cells, somewhat larger crystal cells, and stomata, also 
finely warty, jointed hairs and capitate hairs with multicellular heads; 
(2) Jiypoderm of large, tangentially 
elongated collenehyma cells, one or more 
thick; (3) Tnesocarp of large, rounded 
cells, in the outer part with thick, 
porous walls, containing large starch 
grains, often over 30 ju, also elongated 
secretion cavities and fibre- vascular bun- 
dles accompanied by crystal cells ; (4) fiber 
layer, often ten or more fibers thick; (5) 
parenchyma of narrow, much-elongated 
cells, tangentially arranged, with thin cel- 
lulose walls, forming a layer of consider- 
able thickness; (6) inner mesocarp of 
small cells, containing small starch grains 
and often single crystals ; and (7) endocarp 
of small, thin-walled, polygonal cells. 

MICROSCOPIC STRUCTURE OF SEED (Fig. 11 7) .—Moeller, ’ 
briefly, and Kondo,^ very fully, describe the histology of the mature 
seed. In the following description are given the results of our own study 
of American beans, noting the main points of divergence from Moeller’s 
and Kondo^s results. 

Spermodemi (S ). — Not including a possible inner epiderm the 
layers are: (1) palisade cells {pal), up to 220 /i high and 30 /z broad, 
each with narrow lumen — excepting the globular enlargement at the 
inner end — thin cuticle [aid), and narrow light line {1 ) ; (2) suhepiderm 
(mb) of several rows of thick-walled, spool- or bone-shaped cells, up to 
60 fx high and 55 /x broad, passing into (3) spongy parenchyma, large- 

^ Mikros. Nahr.-Gemssm. Berlin, 2. Aufl. 1905, p. 284. 

* Loc. cit. 



Fig. 116. — Jack Bean. Epicarp 
of immature fruit in surface 
view showing pointed and capi- 
tate hairs, hair sear, crystal 
cells, and stomata. X 160. 
(Z-B.-W.) 
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celled with porous walls ia the outer portion small-celled, thin- 



Fi(». 117. — Jiudv Ec'iiri. Scfifl in 
fi'OKs scM'tion. aS siH-rinodcnn: 
'pul |)alisiifi(} cells witli rul cuticlo 
iind / light liiK', .sulx'j )i(lf‘nii, 


walled, and coinpressed in the inner 
portion (pO- 

Kondo, in his cut of a red Japanese 
specimen, does not show a globular 
enlargement of the palisade cell lumen, 
but his dimensions of all three speci- 
mens conform closely with the above 
except that he found that the palisade 
cells of both the red and white Japanese 
specimens reached 260 fjL. The occur- 
rence of several rows of cells in the 
sulepiderm is renaarhable. So thick is 
the outer large-celled portion of the 
spongy parenchyma as to necessitate 
omission in Fig. 117 of several rows of 
cells. 

Beneath the hilum, as in other com- 
mon legumes, there are present a double 
palisade layer and a group of sclcren- 
chyma cells immediately beneath the 
hilum slit embedded in spongy paren- 
chyma, which is here bulky. Kondo 
notes that in the Japanese red and the 
Madagascar white beans the spongy 
parenchyma cells are much branched 
and thick- walled with brown coni (‘nts, 
whereas in the Japan (^s(^ while' beans 
the intercellular spaces are smulk'r and 
the walls thinner. 

Caruncle and Hilum Cushion.— Only 
traces present. 

Endosperm (/i,’). --Kondo calls atlr'u- 
tion to the singh^ layfu* of ulcumne cells 
overlooked by iVhxdh'r. 

Embryo.— Th(^ cells of the cotylo- 


p' outer thi(‘k-\v;ill(‘d dons (C) are more f)r less isodiarnetric 


Hjjongy paroncliyina, p- inner 
thin'-wallod (^ompressod spongy 
jjarcinchyina. E ondosperm. C 
colylodon: cp oiit-ca' ei)i(l(!riu, am 
sianti gi'iiins eniboddod in pro- 


throughout and not difT(‘r('ritiatecl as 
palisade cells benc^aththe inner epiderm. 
In the American beans exainiuod by the 
writers, as well as in ttie Madagascar 


tcin matrix. X 160 . (KB.W.) beans examined by Kondo, the walls are 
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strongly thickened and porous with small intercellular spaces, but in both 
samples of Japanese beans examined by Kondo the walls are thin and 
the intercellular spaces are large, causing the beans to float in water. 

Only fat and finely granular protein matter occur in the epiderms 
and one or more cell layers beneath. Starch grains, increasing in size 
and numbers from without inward, occur in the remaining cells embedded 
in the protein matter. They reach a maximum of 55 At in the American 
beans. Kondo found the maximum in red and white Japanese beans 
and white Madagascar beans to he respectively 59, 52, and 70 il. Rifts 
are often present. The common forms are ellipsoidal and reniform. 

Chief Structural Characters. — Pod large, flattened, up to 35 cm. 
long, ventral edge four-ribbed, broader than two-ribbed dorsal edge. 
Seed variable in size, shape, color, and position of hilum according to 
the variety ; American bean well rounded, white, with hilum much nearer 
micropyle than chalaza end, surrounded by red border. 

Epicarp with jointed, warty and capitate hairs; hypoderm of col- 
lenchyma cells; mesocarp thick-walled with large {30 /f) starch grains; 
fiber layer thick, adjoined by layer of elongated parenchyma. Palisade 
cells of spermoderm up to 220 jx high (260 ju in Japanese beans) and 30 jx 
broad; subepidermal cells spool- or bone-shaped, up to 60 g high and 
55 /i broad, forming several rows; outer spongy paTench 3 Tna large- 
celled, porous, inner small-celled, thin-walled. Cells of cotyledon with 
thick, porous walls (thin in Japanese beans) ; starch grains up to 55 ix 
(70 li in Madagascar beans). See also table p. 299. 

CHEMICAL COMPOSITION.— A proximate analysis of the seed 
by Greshoff, Sack, and Van Eck of the Haarlem Colonial ]\Iuseunii 
gave: water 15.06, protein 20.12, fat 1.60, nitrogen-free extract 43.04, 
fiber 9.67, and ash 2.84 per cent. 

The composition of the seed, bulls, and pod with seeds, as given in 
the Report for 1895 of the Mississippi Experiment Station, follows: 


Composition of Jack Bean (Mississippi Exp. Sta.) 
(Results in percentages of dry matter) 



Protein 

Fat 

N-f. ext. 

Fiber | 

1 .-\sh 

Seed 

Hulls 

Pod with seeds 

% 

26.85 

2.44 

17.76 

% 

2.99 

0,52 

3.06 

% 

56.90 

48.51 

56.08 

/C 

9.88 

43 ,89 
19.31 

% 

3.38 

4.64 

3.79 


Analyses of the seed, hulls, and the green plant, on the original water 
basis, follow:^ 

^ Konig: Chemie mcnsch. Mihrs.-Geaussmi. Berlin, 1903, 1, 1484. 

2 See Piper: U. S. Dept. Agr. 1920, Circ. 92. 
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Composition op Jack Bean 



Water 

Protein 

Eat 

N-f . ext. 

Fiber 

Assh 


% 

% 

% 

% 

% 

% 

Seed: 







Texas Exp. Sta. (1914:) 

11.06 

23.82 

S.52 

50.79 

8.05 

2.77 

Shrewsbury (1917)*. . . 

15.50 

27.60 

3.20 

45.20 

5.40 

3.10 

Imperial Inst. (1913). . 

14.40 

25.00 

2.70 

48.40 

6.80 

2.70 

Imperial Inst. (1915). . 

12.70 

26.09 

3.90 

46.91 

7.60 

2.80 

Boname (1911 )t 

13.00 

25.62 

2.32 

47.94 

7.90 

3.22 

Barnstein (1914)1 

13.26 

31.51 

2.18 

41.99 

8.59 

2.47 

HnUs: 







Boname (1911) f 

15.20 

* 5.00 

0.64 

15.47 

57.91 

5.78 

Green plant; 







Hawaii Exp. Sta. (1 91 1 ) 

76.81 

5.21 

0.48 

8.44 

6.36 

2.70 


* BuL Dept. Agr. Trinidad and Tobago 1917, 16, 224. t Agr. prat, pays chauds 1911, 10, 371. 
tLandw. Vers.-Stat. 1914,86. 113. 


Proteins. — In beans containing 23 per cent of protein Jones and 
Johns ^ separated two globulins, concanavalin and canavalin, and an 
albumin of the legumelin type. Concanavalin separated from the 
brine extract on adding ammonium sulphate to 0.6 saturation; cana~ 
valin separated on complete saturation of the filtrate from the con- 
canavalin precipitate. The albumin was obtained from the filtrate 
from the canavalin after dialyzing by heating to 62° C. 

According to Sumner^ three globulins are present: (1) concanavalin 
A, present in moderate amount and separating as bispheroid crystals, 
soluble only in concentrated salt solution, (2) concanavalin B, present 
in minute amount and forming needle crystals slowly soluble in 10 
per cent salt solution, and (3) canavalin, forming the bulk of the protein 
matter, separating as spheroids, soluble in 1 per cent salt solution. 

Ultimate Composition. — The three proteins found by Jones and 
Johns ^ contained as follows: 



Concanavalin i 

1 Canavalin 

Albumin 

Carbon. . 

53.28 

53.26 

53.24 

Hydrogen 

7.02 

7.03 

7.00 

Nitrogen. 

16.45 

15,72 

16.38 

Sulphur . . 

1.10 

0.48 

0.88 

Oxygen. . 

22.15 

22,51 

22.50 


100 .00 

100,00 

100.00 


1 J. Biol. Chem, 1916, 28, 67. 3 Lqc. cit. 

2 Ibid. 1919, 37, 137. 
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Amino Adds oj Jack Bean Proteins ^ — Determinations of C 3 rstine 
and try'ptoph.ane by Jones^ Gersdorff, and Moeller^ show respectively: 
total globulin 0.99 and 2.29; concanavalin 1.57 and 3.36; canavalin 
0.40 and 0.21; albumin 1.48 and 4.30 per cent. Kesults on cystine, 
tyrosine, and tryptophane by Sumner and Graham ^ employing Folin 
and Looney's methods, show respectively: concanavalin A 0.4, 5.2, 2.2; 
concanavalin B 3.2, 9.4, 2.3; and canavalin 1.0, 5.5, 0.24 percent. 

Nitrogen Distribution . — Jones and Johns ^ determined the nitrogen 
distribution in canavalin and the albumin with results as follows: 



Canavalin 

Albumin 


% 

% 

Humin N 

0.28 

0.23 

Amide N 

1.41 

1.16 

Basic N 

3.17 

3.73 

Non-basic INT. . , , 

11.55 

11.18 


16.41 

16.30 


ITitrogenous Bases. — Kitagawa and Tomita*^ and Kitagawa and 
Tomiyama'^^ have found in the jack bean a nitrogenous substance, giv- 
ing the liinhydrin reaction. An enz 3 rme present in liver (not arginase) 
splits off a portion of the nitrogen as urea. 

Fat. — Grimme^ obtained by ether extraction 2.81 per cent of fat, 
or over one per cent more than that found by Greshoff, and the fol- 
lowing values of the fat : 


Sp. gr. 
15° C. 

, Refr. 
index 
25° C. 

Solid. 

Pt. 

Sapon. 

No. 

Iodine 

No. 

Patty 

acids, 

total 

Fatty 

acids, 

titer 

Unsapon. 

matter 

0.9169 

1.4757 

° C. 

^ 7 

186.5 

86.1 

% 

92.78 

°C. 

29 

% 

1 .29 


Phosphorus-Organic Compoimds. — Sumner,^ by successive e.xtrac- 
tion of the seeds with petroleum ether, acetone, toluene, and 95 per 

1 J. Biol. Chem. 1924, $2, 183. ^ J. Biochem. Japan 1929, 11, 265. 

2 Ibid. 1925, 64, 267. ®Pliarm. Zentralh. 1911, 62, 1141. 

2 Loc. eit. ^ Compt. rend. soc. belg. biol. 1922, 26. 

■* Proc. Imp. Acad. Japan 1929, 6, 380. 
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cent alcohol, obtained a mixture of phosphatides resembling cytozyme 
in its action in the coagulation of blood. 

Enzymes. — Of particular interest is the urease which, according to 
Mateer and Marshall, ^ is present in fifteen times the amount found in 
the soy bean and consequently may be profitably prepared from this 
bean. Jacoby^ has shown that the urease is of a colloidal nature. 

Mineral Constituents. — In the seeds and hulls respectively Boname^ 
reports: potash 1.351 and 2.898, lime 0.218 and 0.450, magnesia 0.238 
and 0.083, and phosphoric acid 0.715 and 0.071 per cent. 

VELVET BEAlf 

SUzolohium Deeringimum Hort. 

Various species and numerous varieties of /Stizolohium are grown in 
the tropics and sub-tropics for green forage and for the seeds, the latter 
being ground for stock food. The velvet bean, often sold by seedsmen 
under the name Dolichos multiflorus, is the variety best known in the 
United States. 

MACROSCOPIC STRUCTURE.-~The plant is bean-likc with tri- 
foliate leaves and large white or purple flowers^ the keel of which is 
usually twice or more the length of the standard. Although the leaves 
and the short pod are hairy, they do not have the stinging hairs of cow- 
itch iS. pruriens Medic.). The seed (Fig. 118) varies from nearly 
spherical to ovoid, up to 1.5 cm. long, and is cream-color, blotched with 
chocolate-brown. A raised white rim, often 1 mm. high, forming the 
caruncle, borders the hilum which is 7 mm. long and is hare in t he center. 

MICROSCOPIC STRUCTURE (Fig. 119).~~-Thc structure of the 
seed hitherto has escaped investigation. 

Spermoderm (iS).— This part of the seed is much like that, of the 
hyacinth bean, consisting of: (1) palisade cells (pal), up lo 115 g high 
and 25 g broad, with broad light line (Z) but thin cut icle (mi ) ; (2; mb- 
epiderm (sub), of spool-shaped cells up to 45 ii high and 40 p })r()ad, with 
radial walls in close contact at the top and strongly ihickfUK'd in 1h(^ 
middle; and (3) parenchyma, spongy throughout, with large cells, oftcui 
beaded, in the outer portion (p^), and small, thin-walled cells in the 
inner portion (p^). 

Exceptionally thick walls characterize the spongy panmehyrna 
beneath the hilum. The individual cells arc of various shapes and lack 
colored contents. 

1 J. Biol. Chem. 1916, 26, 297. 

2Biocliem. Z. 1926, 167, 21, 

3 Loc. cit. 
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Caruncle. — In cross section this is somewhat fan-shaped with cells 
radially elongated, thick- walled, and empty. 

Endosperm (E).--A single layer of cells. 


Embryo. — Throughout the cotyledons (C) the cells are nearly iso- 
diametric. Excepting those of the epiderms, the cell walls are porous. 
Minute aleurone grains are the visible contents of the epiderms and 


often the subepiderm. Further inward 
starch grains^ reaching 40 jx in the in- 
terior, occur in a protein matrix. They 
are irregularly ovate, often blunt pointed, 
the hilum, as brought out by polarized 
light, being usually in the narrow end 
with an excentricity of about 1 : 6. They 
resemble ginger starch, but the occurrence 
of two short-curved hilum rifts suggests 
maranta starch. 

The presence of starch grains of the 
excentric type in a legume closely re- 
lated to others with the typical ellipsoidal 
or reniform grains supports the writers’ 




Fig. 118. 


Fig. 119. 


Yelvct Bcaa. Seed. X 2. (A.L.W.) 

Yelvct Bean. Seed in cross section. S spermoderm : pal palisade cells with 
cut cuticle and I light line, sub subepiderm, outer and inner spongy pareii' 
chyma. JE endosperm. C cotyledon : ep outer epiderm, am starch grains embedded 
in protein matrix. X 150. (KJB.W.) 


Chief Stru'ctura.l Characters. — Seed nearly spherical or moder- 
ately elongated (1.5 cm.), blotched, with rim (caruncle) about hilum. 

Palisade cells up to 115 yu high and 25 p broad; subepiderm of spool- 
shaped cells up to 45 p high and 40 fx broad, with thick radial walls; 
cells of caruncle conspicuous but empty; starch cells of cotyledons 
porous; starch grains up to 40 pointed ovate, with strongly excentric 
hilum usually in small end, embedded in protein matrix. 
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CHEMICAL COMPOSITION.— Analyses of the shelled and un- 
shelled beans, reported by Lindsey, Smith, and Beals, ^ follow: 


Composition of Velvet Beans (Lindsey" et al.) 



Samples 

Water 

Protein 

Eat 

N-f.ext. 

Fiber 

Ash 



% 

% 

% 

% 

% 

% 

Seeds only 

1 

7.0 

25.2 

5.8 

52.6 

6.0 

3.4: 

Seeds and pods 

4 

9.7 

17.9 

4.4 

49.6 

14.1 

4.3 


Miller ^ reported the following results on the Early Speckled which 
closely agree with those on other varieties examined : protein 20, fat 
6.5, carbohydrate (largely starch) 30, alcohol extract 12 to 13, and ash 
2.8 to 2.9 per cent. 

Proteins. — Johns and Finks ^ separated from the Chinese velvet bean 
(S. niveum) a globulin, stizolobiriy which they believed to be the principal 
protein. Jones and Johns ^ isolated what appeared to be the same pro- 
tein from the Florida variety of JS. deeringiamm. 

Johns and Waterman^ studied the proteins in the Georgia velvet 
bean, stated to be a sport of the Florida variety. The total protein in 
the bean was about 23 per cent, and the protein soluble in 3 per cent 
salt solution was about 15 per cent, of which the mixed proteins coagu- 
lating on boiling the slightly acid extract were about 13 per cent. From 
the salt solution extract they isolated three proteins: (1) ot-globulin, 
precipitated' by 0.4 saturation with ammonium sulphate, coagulable 
at 70 to 78° C.; (2) ^-globnlin, precipitated by 0.6 to 0.7 saturation 
with ammonium sulphate, coagulable at 90 to 100° C. ; and (3) an 
alhumiriy obtained by coagulation of the aqueous extract from which 
the globulins had been removed by dialysis, coagulable at 54 to 62° C. 
The yield of the three proteins was only respectively 3, 1.25, and 0.75 
per cent. Whether the same methods were later applied to Chinese and 
Florida velvet beans does not appear. 

Ultimate Com'position.~—'Tlhe average composition of the three pro- 
teins of the Georgia bean, as found by their discoverers, follows: 

' Massachusetts Agr. Exp. Sta. 1919, Spec. Bui. 

® Alabama Col. Sta. Rep. 1919, 

3 J. Biol. Chem. 1918, 34, 429. 

‘Ibid. 1919,40,435. 

Mbid. 1920, 42, 59. 
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a-Globulin 

/3"Globuliii 

Albumin 


% 

% 

% 

Carbon 

53.08 

53.15 

53.40 

Hydrogen 

6.82 

6.79 

6.76 

Nitrogen 

16.66 

17.28 

15.86 

Sulphur 

0.91 

0.46 

1.01 

Oxygen 

22.53 

22.32 

22.97 


100.00 

100.00 

100.00 


Amino Acids of Yelvet Bean Proteins , — Johns and Finks ^ deter- 
mined only the basic amino acids in stizolobin. Their results were 
confirmed by Jones and Johns, ^ who subjected their preparation to 
hydrolysis and determined all the amino acids by Fischer's esterifica- 
tion method with the following results: 


Pboditcts of Hydrolysis of Stizolobin (Jones and Johns) 


% 

GlycocoU 1,66 

Alanine 2.41 

Valine 2,88 

Leucine 9,02 

Serine. 0.67 

Cystine 1.13 

Aspartic acid (Dakin method) 9.23* 

Glutami c acid 14.59 

Hy droxy glutamie acid 2.81 

Tyrosine 6.24 

Phenylalanine 3.10 

Proline 4.00 

Tryptophane -h 

Arginine 7.14 

Lysine 8.51 

Histidine 2.27 

Ammonia. 1-65 


77.21 

* Usual method 5.7 

The following results were obtained by Johns and Waterman^ in 
the two globulins and the albumin isolated hy them: 

^ Loc. cit. 

2 Loc. cit. 

3 Loc. cit. 
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CK-Globulin 

jS“Globulin 

Albumin 


% 

% 

% 

Cystiae 

1.03 

0.89 

1.92 

Arginine 

7.19 

8.18 

6.13 

Histidine 

1.24 

3.38 

0.82 

Lysine 

8.32 

8.51 

8.20 


Tests for tryptophane gave strong reactions in a-glohulin and 
albumin but none in /3-globulin. This is the first vegetable protein 
found to contain no tryptophane. 

Jones, Gersdorff, and Moeller ^ studied the proteins of both the 
Chinese and the Georgia velvet bean and obtained the following figures 
for cystine and tryptophane: 



Chinese 

Georgia 

Stizolobin | 

Total 

globulin 

a-GlobuIin 

^-Globulin 

Total 
coagulable 
protein , 

Albumin 


% 

% 

% 

% 

% 

% 

Cystine 

1.55 

1 76 

3.26 

0.66 

2.65 

2.69 

Tryptophane . 

1.36 

1.23 

2.26 

0.00 

1 .95 

2.46 


Nitrogen Distribution in Velvet Bean Proteins . — The following 
results were obtained by Van Slylce’s method: 

Niteoqen Distbibutot m Velvet Bean Pro'ieins (Johns and Waterman) 



a-Globulin 

jS-GIobulin 

Albumin 

Humin N adsorbed by lime 

1.42 

1 .46 

1.80 

Humin N in amyl alcohol extract 

0.17 

0.04 

0.00 

Cystine N 

0.73 

0.61 

1.41 

Arginine N 

13.85 

15.39 

12.35 

Histidine N 

2.01 

5.34 

1.41 

Lysine N 

9.56 

9.55 

9.85 

Amino N of filtrate 

59.22 

52,38 

64,25 

NTon-arnino N of filtrate 

4.27 

4.28 

0,34 

Amide N” 

8.99 

10.85 

9,08 


100.22 

99.90 

100,49 


1 J. Biol. Chem. 1924, 62, 183. 
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DiliydroxjTh-cnylalaaine. — Miller^ separated from the Georgia vel- 
v'et bean crystalline 3, 4-(iihydroxypheiiyklanme, a substance related 
to adrenalin, which may prove injurious to cattle if the beans are fed 
in large quantities and over a long period. Reactions of this substance, 
but no actual crystals, were obtained with the Yokohama {S. ha^sjoo 
P, et T.) and Lyon (S, niveum Kuntz) velvet beans, indicating that it 
is a characteristic constituent of the genus. It was not found in other 
leguminous seeds tested although Torquati^ had previously isolated it 
from the sprouted germs and the pods of Vida f aha. 

Enzymes. — In experiments by Miller^ the enzymic action of the 
seed coat resembled so closely that of artificial dioxides and peroxides 
as to suggest the actual presence of a peroxide. 

Mineral Constituents. — Miller^ reports the following results on the 
Early Speckled variety: calcium 0.13 to 0.15, magnesium 0.14: to 0.16, 
phosphorus 0.4 to 0.31, and chlorine 0.021 per cent. 

1 J. Biol. Chem. 1920, 44, 481 . 

2 Arch. farm, sperm. 16, 213, 308- 

* Plant Physiol. 1929, 4, 507. 

* Alabama Col. Sta. Rep. 191 9, p. 34. 



FRUITS OF THE MALLOW FAMILY 

{Malvacem) 

Characteristic of this family are the mucilaginous tissues. One 
species, okra, is grown for its edible pericarp, but several, including 
cotton, yield industrial fibers with edible seeds as a by-product. Roselle 
{Hibiscus Sahdariffa L.) has a fleshy calyx from which are prepared acid 
beverages and jellies. This species is described under Emits. The roots 
of the marsh mallow (Althaea officinalis L.) and other allied plants, being 
rich in mucilage, are used in medicine. The name marsh mallow applied 
to the well-known confection is a misnomer as the peculiar consistency is 
due to gums. 

OKRA 

Hibiscus esculentus L. = Ahelmoschus esculentus Moench. 

Fr. Gombaut. Sp. Gombo. It. Ombretta commestible. Ger. Okra. 

Okra or gumbo, a vegetable of secondary importance in the INTorth, 
is much grown in the South for its immature fruits which, used in soups, 
impart a peculiar mucilaginous consistency. Investigations carried 
out by De Candolle led to the conclusion that Africa, not Asia as for- 
merly thought, is its original habitat. 

MACROSCOPIC STRUCTURE.-As is true of cotton, the flower 
is large and showy with numerous narrow bractlets (2 to 3 cm. long) 
outside of the five-cleft calyx. The large petals are dull yellow, with a 
red eye at the base, surrounding five stamens united to form a column 
about the five styles. 

Although usually stated to be five-celled, the ovary and pod in 
the modern highly cultivated varieties are quite commonly seven- 
celled. When mature thejruit is a dry capsule, dehiscing along the ribs 
which correspond to the backs of the cells. At the tender edible stage 
the 'pod is slender, tapering, 12 cm. or more long, with pronounced ribs. 
It is borne on a rather thick peduncle several centimeters long. 

The arnphitropous seeds are about 5 mm. in diameter, kidney-shaped 
approaching round, black with minute gray ridges. The hilum is large, 
round, and situated in the slightly incurved part of the edge. As is 
true of cottonseed, the thin, broad cotyledons are curiously folded. 
The end of the radicle is within the slight elevation adjoining the hilum. 
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MICROSCOPIC STRUCTURE. — ^Kraus^ descjrite 
several members of the Lohde^ iacludes the 

H, Trionum L. in Ms monograph, and Kondo^ fully describes and 
illustrates the structure of okra seed. 

Pericarp (Fig. 120) . At the edible stage there are five well-marked 
layers: (1) epwnrp (epi) of thin-walled, polygonal cells, stomata, uni- 
cellular hairs (t^), and multicellular hairs on unicellular bases [t^); 
(2) hypoderm {hy) of thin-walled, polygonal cells, some containing 
oxalate rosettes; (3) mesocarp of loose parenchyma cells, containing 
chlorophyl grains and small grains of transitory 
starch often in twins and triplets, iaterspeised with 
oxalate rosette cells as in the hypoderm, large muci- 
lage cells, and £bro-vascular bundles; (4) crystal 
layer, each cell with a single prismatic crystal; and 
(5) endocarp of fibers, mostly transversely arranged, 
and stomata. 

The unicellular hairs (f) are thin-walled,* broad, 
and may reach nearly 1 mm. in length. More 
remarkable are the multicellular hairs which 

often exceed 1 mm. in length. The basal eeh is 
broad and thick-walled, while the remainder of the 
hair consists of an aggregate of small, often nearly 
cubical cells, varying in number from four or five 
wide next to the basal cell to a single cell at the apex. 

These multicellular forms predominate on the older 
fruit, the unicellular forms on the young fruit. 

The endocarp fibers are variously arranged, often 
with a parquetry effect. When several layers are 
present, the fibers may or may not cross. At a 
more mature stage the guard cells of the stomata 
as well as the fibers are thickened and pitted. 

Spermodenn. — At the edible stage little differ- 
entiation other than radial elongation of the palisade 
cells is evident. At maturity the structure is as 
follows : ( 1 ) outer epiderm of thin- walled, rounded cells without hairs or 
stomata; (2) brown cells with thick walls, occurring mostly singly 
below the ridges; (3) beaker cells with inner walls and base of 
radial walls thickened and colored brown; (4) palisade cells, up to 
175 M higd, as in cottonseed except that the globular cavity is mid- 

iPriags. Jahr. wiss. Bot. 1866-7, 6,83. 

2 laaug. Dis., Leipzig, 1874. 

3 Ber. OUara Inst. kndw. Forsch. 1925, 2, 580. 



Fig. 120. — Okra. 
Immature pericarp. 
epi epicarp : 0- 

mieellular hair, 
base and tip of 
niulticellulaj hair, 
hy hypoderm with 
rosette crystal. X 
160 . (KB.W.) 
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way between the two ends and the light line is abont 20 /z from the 
outer end; (5) hrowTi parenchyma, several cells thick, thick-walled with 
brown contents; and (6) colorless compressed cells. 

Perisperm. — This consists of a single row of cells, as in cottonseed, 
but the cells are distinctly pitted, not merely fringed. 

Endosperm. — Kondo found several rows of cells; the writers found 
only one in the material available. 

Embryo. — Parmchyma cells, containing aleurone grains and fat, 
and piocamhium bundles make up the tissues. Resin cavities, such as 
occur in cottonseed, are not present although addition of concentrated 
sulphuric acid gives a slight pink color. 

Chief Structtjeal Chaeactees. — P ods elongated, five- or more 
celled with as many ribs; seeds kidney-shaped, nearly round, consisting 
largely of a tough spermoderm and folded embryo. 

Epicarp hairs partly unicellular, partly multicellular with uni- 
cellular base and several rows of cells between base and tip ; mesocarp 
with mucilage cells; endocarp of transverse fibers and stomata. Sper- 
modenn much as in cottonseed, but hairs are absent, third layer is 
developed as beaker cells, and lumen of palisade cells is midway between 
ends. Cotyledons without resin cavities. 

CHEMICAL COMPOSITION. — ^Analyses of the entire green fruit, 
as used in soups and stews, have been reported by Zega ^ in Serbia and 
Atwater and Bryant^ in the United States. It would appear from the 
water content that Zega^s material was gathered at a more advanced 
stage of development. Samples of canned okra, packed at New York, 
Philadelphia, Baltimore, and New Orleans, were examined by Mcldroy 
and Bigelow.^ Since the manufacture of an edible oil from the seed 
has been suggested, the analyses of the mature seed and pod, niado by 
Kilgore,^ are of interest. See table next page. 

Fatty Oil of Seed. — The oil obtained from the seeds, like other oils 
of the family, reacts with Halphen’s reagent. Jamieson and Baughirian 
examined in detail a large sample of the oil expressed by th(mi frcjin 
Avery Island seed with a total content of 15.60 per cent and in l(‘ss 
detail three smaller samples. 

Physical and Chemical Values. — The values obtained on the large 
sample together with some others (in pareni.lK'S(‘s) olhained on t he 
smaller samples follow: specific gravity 25"^/ 25° 0.9172 (().91(]() to 

1 Chem. Ztg. 1900, 24, 871. 

2 IT. S. Dept. Agr., Off. Exp. 8ta. 1906, Bui. 28 rev. 

2 U. S. Dept. Agr., Div. Chem. 1893, Bui. 13, 1 129. 

^ K. Carolina Agr. Exp. Sta. 1893, Bill. 90b. 

® J. Am. Chem. Soc. 1020, 42, 166. 
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Composition of Okra 



Samples 

Water 

Protein 

Fat 

N-f. ext. 

Fiber 

Ash 

Salt 



% 

% 

% 

% 

% 

% 

% 

Fresh Fruit: 









Zega. 

4 








Min 


78.86 

3.18 

0.38 

11.07 

0.80 

1 26 


Max 


82.21 

4.74 

0.48 

13.64 

1 61 

1 58 


Aver 


80.74 

4.15 

0.42 

12.12 

1.16 

1 41 


A. and E. . . . 

2 








Min 


87.4 

1.2 

0.1 

5.3* 


0 5 


Max 


92.9 

2.0 

0.4 

9.5* 


0.7 


Aver 


90.2 

1.6 

0.2 

7.4* 

3.4t 

0.6 


Canned Fruit:. 









McE- and B. 

4 








Min 


94.02 

0.54 

0.04 

2.50 

0.35 

0.301 

0.04 

Max.. ..... 


94.88 

0.90 

0.24 

3.30 

1.37 

0.451 

1.30 

Aver. ..... 


94.35 

0.71 

0.09 

2.95 

0.66 

0.411 

0 83 

Eipe seed : 









IQlgore 

1 

7.06 

21.25 

15.11 

24.42 

26.35 

5.81 i 


Eipe pod: 









Xilgore 

1 

6.00 

4.74 

0.79 

32.88 

47.59 

8.00 



* Includes fiber, t 1 sample, t Salt-free. 


0.9187), refractive index at 25° C. 1.4702 (1,4692 to 1.4695), saponifi- 
cation number 195.2 (195.5 to 195.6), iodine number 95.2 (93.2 to 
100.3), Reichert-Meissl number 0.26, Polenske number 0.23, acetyl 
number 21.4 (11.5 to 23.9), acid number 1.42 (0.34 to 0.6S), soluble 
acids 0.14 per cent (0.09 to 0.12), insoluble acids 96.20 per cent (95.9 to 
96.27), unsaturated acids 67.33 per cent, saturated acids 29.22 per 
cent, and unsaponifiable matter 0.37 per cent. The values of the insol- 
uble, saturated, and unsaturated acids vpere respectively: saponifica- 
tion number 210.6, 215.6, 199.2, and iodine number 97.3, 5.7, 137.9. 
The solidifying point of the insoluble acids (titer test) was 38.5° C. 

Composition of Okra-Seed Oil—TU authors named above give the 
following figures based on their data: 


Glycerides of: 


Arachiciic acid 

0.05 

Stearic acid . . 

2,75 

Palmitic acid . 

27.23 

Oleic acid 

43.74 


26.62 

JL/IIiUliL' CXBJ.LI 

Unsaponifiable matter 

0.37 


100.76 
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Mineral Constituents. — Zega^ obtained the following results ex- 
pressed in percentages of the fresh vegetable: 


K 20 

Na^O 

CaO 

MgO 

P 2 O 5 

SO 3 

SiOo 

% 

% 

% 

% 

% 

% 

% 

0.042 

0.58 

0.100 

0.016 

0.043 

0.034 

0.06 


Minor Mineral Constitneats. Iron. — Fruit, 6 samples, 72 to 140, aver. 101 mg. 
per kilo, dry basis (Bemington and Shiver) 

Manganese. — Fruit, 5 samples, 36.5 to 62.5, aver. 48.3 mg. per hilo dry basis 
(Kemington and Shiver).^ 

Copper. — Fruit, 8 samples, 5.9 to 13.4, aver. 9.4 mg. per kilo, dry basis (Reming- 
ton and Shiver). 2 

^loc. cit. 

2 J. Ass. Off. Agr. Chem. 1930, 13, 129. 



FRUITS OF THE NIGHTSHADE FAMILY 

(SoJamcesB) 

To THIS family belong not only the potato and tobacco but also 
several fruit vegetables, notably the tomato, garden peppers, and egg 
plant. The strawberry tomato {JPhysalis) and nightshade (Solanum 
nigrum) are of minor importance. Paprika, the dried mature fruit of a 
species which also yields garden peppeiB, and cayenne pepper, a related 
species, are described in Volume III under Spices. 

COMPARATIVE MACROSCOPIC STRUCTURE,— The 
have normally five-lobed sepals and petals and two-celled ovaries and 
fruit, but there are exceptions due to cultivation. The corolla is usually 
plaited in the bud and in the garden species more or less wheel-shaped 
when open. Except for a few hairs on the egg plant, the surface of the 
jruii is practically smooth and lustrous. The numerous are borne 
on central placentae, except at the top of the fruit of certain species 
(e.g., garden peppers). Characteristic of the campylotropous seeds is 
their irregularly lens-shaped form, their tough spermoderm, bulky 
endosperm, and coiled embryo with elongated cotyledons and radicle. 

COMPARATIVE MICROSCOPIC STRUCTURE. Pericarp.™ The 
epicarp or skin consists usually of polygonal cells, more or less thick- 
walled, beaded, and sclerenchymatized, containing in some species 
(e.g., egg plant and nightshade) the characteristic color of the fruit in 
solution. In cayenne pepper the cells approach the quadrilateral in 
form and are arranged in rows; in some varieties of capsicum the 
walls are sinuous as well as thickened. In the large fruit of the 
egg plant the epicarp cells are small (about 35 /), whereas in the small 
fruits of the strawberry tomato and nightshade they are large (80 to 
lOO li or more). 

A hy^odern of polygonal, beaded or collenchymatously thickened 
cells, several thick, characterizes the large fruited species. 

The mesocarp is characterless except for the red oil drops and the 
giant cells of the peppers. 

The endocarp in the peppers has groups of thickened, sclerenchy- 
matized, and beaded cells. 

Capsaicin, a pungent substance, occurs in peppers beneath the cuticle 
of the dissepiment. 
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Spermodenn . — Only one layer, the outer ejiiderm, is conspicuous. 
This is characterized by the sclerenchymatoxis thickening of the walls 
which in the tomato is restricted to radially arranged rods, mistaken 
even by recent authors for hairs, while in the other species it is strongly 
developed in the inner and radial walls, forming in egg plant, peppers, 
and nightshade deeply sinuous folds and in strawberry tomato 
more uniform swellings so thick as practically to obliterate the cell 
cavity. Delicate rods occur on the outer half of the walls in the night- 
shade. Warts are scattered over the inner wall in the garden peppers 
and paprika, while cavities occur in the middle lamella at the outer 
ends of the radial walls in the egg plant, and to a lesser degree in paprika, 
appearing like pores in cross section. 

Endosperm and Embryo consist of small polygonal cells containing 
minnte aleurone grains and fat. 

COMPARATIVE CHEMICAL COMPOSITION.— The tomato is 
strongly acid and distinctly saccharine; the pepper is neither but is 
more or less hot; the egg plant is bland and characterless. 

TOMATO 

Solarium Lyco'persicitmJj. = Li/copersictim esculentum Mill. 

Fr. Tomate. Sp. Tomate. It. Pomidoro. Ger. Liebesapfel. 

Several species of the genus Lijcopersicum grow wild in western 
South America from one of which has been derived the cultivated 
tomato. The continent that has given us our leading subterranean 
vegetable, the potato, and one of our best beans, the Lima, also justly 
claims credit for this acid vegetable that is valuable not, only for salads 
but also for sauces, pickles, and sweetmeats. It stands first in impor- 
tance among canned vegetables and is the chief constit.uont, of t,oma1,o 
catsup. Numberless varieties have been developed by cultivation, 
differing greatly in size and form and in color from yellow to deep red. 
The currant tomato now appears to be a distinct species (L. pirn- 
pinelUJoUum Dunal). 

MACROSCOPIC STRUCTURE.— All varieties have exceedingly 
smooth, lustrous skin with the scar of the style at one end and the 
prominent peduncle scar at the other end in a depression. The fruit 
of the wild form and the cherry tomato has two cfdls, but large-fruited 
cultivated varieties usually have more. The numerous seeds are borne 
on central placentae, apparently embedded in a jelly which disap[)(uirs 
on washing and drying, leaving the seeds with a (lons(' coat of false 
hairs. The leathery spermoderm encloses the bulky endosperm within 
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which is embedded the curyed embryo consisting of elongated cotyle- 
dons and a somewhat shorter radicle. 

MICROSCOPIC STRUCTURE. Pericarp (Fig. 121). — Four layers 
are present: (1) epicar'p (epi) of bright yellow, beaded, polygonal cells; 
(2) hypoderm [hy) of similar but larger cells; (3) mesomrp of rounded 
cells, containing chromatophores, , forming a ground tissue through 
which run the vascular bundles; and (4) erdocarp of thin-walled 
parenchyma. 

Passerini ^ refers to two coloring substances, one red and crystalline, 
the other yellow and amorphous. Later two carotenoids were isolated, 
lycoperdcine {lycopene) and carotene. Duggar^ noted the occurrence 
of the lycopene as needle-shaped crystals. Carotene was also shown 
to be present. See Introduction to Yegetables. 



X300. (A.L.W.) 


Tig. 122. — Tomato, cp outer epiderm of spermoderm with t false hairs, from 
below. X 160. (A.L.W.) 


The vessels of the vascular bundles are largely narrow spiral. At 
the stem end occur also pitted vessels and bast fibers. 

Spermodenn (Fig. 122; Fig. 123, S).— Only the outer epiderm (ep) 
shows cellular structure at maturity, the remaining layers forming a 
structureless band. At the base the epidermal cells are isodiametric 
with thick sinuous, sclerenchymatized walls. The appendages which 
cover the seed on drying were formerly thought to be hairs but the 
writers^ have shown that they are rods which stiffen the otherwise 
thin outer part of the radial walls of the radially elongated, gelatinous 
epidermal cells. 

^ Staz. sper. agr. ital. 1800, 18, 545. 

2 Washington Univ. Studies 1913, 1, 22. 

* Micros. Veg. Foods, New York, 2d Ed. 1916, p. 411. 
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Perisperm (Fig. 123, N ). — Ordinarily this is not evident but the 
cells expand on treatment with Javelle water. 

Endosperm (Fig. 123, E) and Embryo 
(Ra) are practically the same as in paprika, 
cayenne, egg plant, and other solanaceous 
plants. The cells of both contain exceedingly 
small alenrone grains and fat. 

A Chief Structural Characters.— Fruit 

^ smooth, red or yellow, usually over two- 

celled ; style scar small, peduncle scar large, 
in depression; seeds numerous, gelatinous, 
with false hairs. 

Epicarp and hypoderna cells polygonal, 
beaded; mesocarp cells rounded. Inner part 
of outer epiderm of spexmoderm with sin- 
uous selerenchymatized walls; outer part 
with rods on radial walls forming false hairs. 
Endosperm and embryo containing minute 
aleurone grains and fat. 

CHEMICAL COMPOSITION.— In the 
analysis of 63 varieties of tomatoes by Pat- 
terson,^ the dry matter ranged from 3.10 
to 4.52, the sugars from 1.76 to 3.52, and 
the acid, calculated as citric, from 0.52 to 
1.81 per cent. The range in composition of 
3 samples of Minnesota tomatoes, analyzed 
by Snyder, 2 and of a number of samples 
of California tomatoes, analyzed by Saywell 
and Cruess,^ follows on the next page. 
Faltin"^ gives the average composition of 
15 samples of Hungarian tomatoes as follows: water 94.58, total sugars 
as invert 3.23, acid calculated as citric 9.32, and ash 9.55 per cent. 

Passerini^ analyzed ripe and unripe fruit and the different parts. 
Brissi and Gigli® found that the pulp constituted 85.4 per cent of the 
whole fruit and contained 4.73 per cent of solids of which 3.74 per cent 
was soluble. Bigelow^ examined the soluble pulp (juice) of 60 samples 



Fig. 123. — Tomato. Seed in 
cross section. 8sperinoderm: 
t false hairs. N perisperm. 
E endosperm. Ra ra.dicle. 
X160. (A-LW.) 


1 Maryland Agr. Exp. Sta. Rep. 1889, p. 67. 

2 Minnesota Agr. Exp. Sta. 1899, Bui. 63, 513. 

3 Fruit Prod. J. 1933, 12, 177. 

4 Kiserletiigyi Kozlemenyek 1932, 36, 136. 

^ Sta-z. sper. agr. ital. 1890, 18, 545. 
nUd. 1890, 18, 5. 

^ J. Ass. Off. Agr. Chem. 1917, 3, 1. 
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EGG PLANT 

Solarium MeloTigena L. = S. esculenium Lunal 
Fr. Augerbine. Sp. Berergeaa. It. Melanzana. Ger. EierkartoifeL 

Altbougb tropical America is particularly rich in species of the 
genus SolanuTn, western Asia claims the egg plant. Common egg plant 
(var. esmleTitum Nees), of which there are purple- and white-fruited 
v'arieties, and dwarf purple egg plant (var. dep^essum Bailey) have 
egg-shaped fruit; snake egg plant (var. serpentinum Bailey) has elongated 
sausage-shaped fruit popular with Chinese residents 
of the United States. 

MACROSCOPIC STRUCTURE (Fig. 124).— 

The flmer of the cammon egg plant is somewhat 
flattened and has three or four placentae each side 
of the ovary. Later, by crowding of the pericarp 
tissues, the cavities about the seeds become entirely 
filled with a white mass of uniform structure. 

The calyX) which persists on the fruit, is coarse, 
thick, prickly, and densely hairy with five or more 
pointed lobes. The Jruit of common and dwarf 
varieties is flattened egg-shaped, while that of the 
snake variety is narrow, much elongated, and some- 
what curved. All varieties regardless of form and 
color (purple, white, etc.) have a lustrous skin more 
or less scarred at the apex. Tufted hairs clothe the 
surface when immature, but many of them disappear 
at maturity. Fig. 124. — Egg 

The seeds are flattened kidney-shaped, 3 to 4 Plant. Fruit in 

mm. in diameter, resembling closely those of paprika and 

. . . /. ✓> . 1 , tTosc? section show- 

and other varieties of Capsimm anmmm but are 

brownish in color — at least in purple varieties, bedded in colorless 

Embedded in the bulky endosperm is the curved tissue. >: 1/5. 

embryo, the elongated cotyledons of which are (Iv.B.\V.) 

several times as long as the radicle. 

MICROSCOPIC STRUCTURE.— The Pericarp consists of (1) epi- 
carp (Fig. 126) of small, irregularly thickened, beaded cells interspersed 
with tufted hairs (Fig. 125) on slight elevations; (2) hypoderm also of 
beaded cells, about three thick; (3) mesocarp (Fig. 127, mes), of loose 
parenchyma cells increasing in size inward until quite spongy, contain- 
ing chlorophyl grains in the outer cells and small starch grains in the 
vicinity of the ramifying fibro- vascular bundles; and (4) endocarp of 
delicate, irregular cells. 
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Both the epicarp and hypoderm of purple varieties contain the color 
in solution. The conspicuous elements of the fibro-mscular bundles 
(Fig. 127) are large sieve tubes (s) and spiral reticulated [ret), 
and pitted vessels {g). 

Spemoderm (Fig. 128, Fig. 129). “Mature seeds in cross sec- 
tion show (1) outer efiderm {a&p) with curiously thickened and scleren- 
chymatized walls, (2) compressed 'parenchyma (p), and (3) inner epi- 
derm {iep) of which only the cuticle is evident at maturity. 

As in paprika, between the thin cuticle (cut) and the thin scleren- 



chymatized inner lamella (scV) of the outer wall of the outer epider'm 
there is a thick lamella of cellulose (c). The sclerenchymatizecl radial 
walls show small cavities at the outer ends. In surface view (Fig. 129) 
the cells are somewhat elongated with compoundly sinuous, thickened 
walls and show on careful focusing large pores in the sclerenchymatized 
inner wall and a beaded middle lamella due to the cavities seen in 
cross section. 

Endosperm (Fig. 128, E). — Throughout, this consists of small 
moderately thick-walled cells with small aleurone grains (al). 

Embryo. — The tissues are delicate and characterless. 
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Chief Steuctural Chaeacteks. — Fruit smooth, egg- or sausage- 
shaped, purple or white, soEd (no cavities); placentae commonly more 
than two; seeds numerous. 

Epicarp of beaded cells and tufted hairs ; hypoderm beaded ; meso- 



Fig. 126. — Egg Plant. Epicarp in surface view; t hair scar. X160. (K.B.W.) 
Fig. 127. — Egg Plant. Elements of fruit flesh, mcs cell from spongy niesoearp ; 
sp spiral, g pitted, and rei reticulated vessels; s sieve tube. X160- (KJB.W.) 


carp spongy. Outer epiderm of spermoderm with sclerenchymatized, 
much-thickened, porous side walls and thin sclerenchymatized lamella 
of outer wall within a thicker cellulose lamella. Endosperm and embryo 
containing small aleurone grains. 



Fig. 128. — Egg Plant. Outer portion, of seed from flat side in cross section. 8 
spermoderm: acp outer epiderm with cut cuticle, c cellulose lamella, and ncl 
sclerenchymatized lamella; p compressed parenchyma; iep cuticularized remains 
of inner epiderm. E endosperm of a Z aleurone cells. X 160. (K.B.\V.) 

Fig. 129. — ^Egg Plant. Outer epiderm of spermoderm in surface view showing 
beads due to cavities shown in Fig. 128. X 160. (E.B.W.) 


CHEMICAL COMPOSITION. — ^The composition of the common 
large purple fruit is illustrated by analyses reported by Zega^ and by 
Atwater and Bryant, ^ the samples having been grown in Serbia and 
the United States respectively. Analyses of the white snake fruit are 

1 Chem. Ztg. 1898, 22, 975. 

2 U. S. Dept. Agr., Off, Exp. Sta. 1906, Bui 28 rev. 
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given by Blasdale/ Agcaoili,^ Adolph,^ and Chung and Ripperton.^ 
Blasdale’s sample was sold in the Chinese Quarter of San Francisco 
under the name of pak ke; Adolphes sample was grown in the vicinity 
of the Chinese Christian College at Sinanfu, China, where it is known 
as cNieh4zu; and Chung and Ripperton’s sample represents the 
Hawaiian product known by the Chinese as ai-kwa and by the Japanese 
as nanbu-naga nasu. Agcaoili gives ialong as the common name in 
the Philippines. 

Composition- of Egg Plant 



Water 

Pro- 

tein 

Protein, 

pure 

Fat 

N-f. 
ext. f 

reducing 

Su- 

crose 

Starch 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Common: 











Zega. . . . 

92.27 

1.51 


0.08 

4.52 




0.89 

0.70 

A. and B. 

92.90 

1.2 

0.6 

0.3 

4.30 

.... 



0.8 

0.5 

Chinese : 











Blasdale. 

89.62 

1.38 

1.08 

0.30 

6.47 

1.31 

0.63 

1 ,57 

1.54 

0,69 

Agcaoili. 

90.98 

1.07 


0.45 

€.14 




0.82 

0.54 

Adolph. . 

93.26 

2.31 


0.07 

3.05 

.... 



0.77 

0.“54 

C. andR. 

93.37 

1.14 


0.05 

4.05 




0.85 

0.54 


Konig^ quotes analyses by Kellner and by Nagai and Murai of the 
vegetable grown in Japan and an analysis by Gresholf, Sack, and Van 
Eck of a sample from India. 

Analyses made by Culpepper and Moon® show that the soluble and 
insoluble solids of egg plant increase in considerable amount only in 
the early stages of growth. The solids, sugars, starch, and nitrogen 
remain nearly constant during the later periods. The range in compo- 
sition of the fruit of 10 varieties 60 to 70 days after setting follows : 



Solids, 

sol. 

Solids, 

insol. 

Pro- 

tein 

Acids 

Sugars, 

reduc- 

ing 

Su- 

crose 

Starch t 

Astrin- 

gency 

Nitrogen 

T otal 

Nitrate 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Min. . 

3.00 

2.99 

0.73=^ 

0.130 

1.17 

0.28 

0.78 

0.079 

0. 117* 

0.00017 

Max.. 

4.88 

5.25 

1.16* 

0.299 

2,86 

1.09 

i 

1.31 

0.215 

0.186* 

0.00227 


* 2 samples, t Hydrolyzable substances. 

1 U.S. Dept. Agr., Of. Exp.Sta. 1899, Bui. 68. * Ibid. 1926, 80, 287. 

2 Philippine ,1. Sci. 1916, 11, 91. * Hawaii Agr. Exp.Sta. 1929, Bui. 60. 

®Chem. mensch, Nahr.-Genussm., Berlin, 1903, 1, 738, 1498. 

« J. Agr. Res. 1933, 47, 705. 
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Phosphoius-Organic Compoimds. Phytin . — Bagaaisan ^ reports 

about 2.04 per cent, dry basis. 

Mineral Constituents. — Chung and Ripperton- found: calcium 
0.010, iron 0.0017, and phosphorus 0.034 per cent; also alkalinity of 
ash 6.30 expressed as cubic centimeters of normal acid per 100 grams 
fresh vegetable. 

Miaor Mineral Constituents. Iron . — ^Fruit 6.1 mg. per Hlo, fresh basis (Peterson 
and Elvehjem).^ 

Manganese. — Fruit, 3 samples, 19.7 to 39.2, ayer. 31.1 mg. per kilo, dry basis 
(Remington and Shiver) Fruit 14.6 mg. p)€r kilo, dry basis (Peterson and Skinner).^ 

Copy-'eT-.—Fruit, 3 samples, 10.5 to 15.7, aver. 12.7 mg. per Hlo, dry basis (Rem- 
ington and Shiver).^ Fruit 1 mg. per Bio, fresh basis (Lindow, Elvehjem, and 
Peterson). ® 

Zinc . — Fruit 2.8 mg. per kilo, fresh basis (Bertrand and Benzon).^ 

GARDEN PEPPERS 
Capsicum spp. 

Peppers grown in the vegetable garden for the most part are varie- 
ties of €. annuum L. They are classed as sweet or mild and hot or 
pungent. This classification is independent of the form of fruit which 
varies from long and narrow to short and thick, the latter being the 
usual form used green or ripe and in the latter case fresh or dried, 
Yarieties that yield paprika and capsicum may also be grown as garden 
peppers and on the other hand the fruit of any garden variety may be 
dried for winter use. (See Paprika, Vol. Ill) . 

CHEMICAl COMPOSITION. — Analyses by Zega^ of green pep- 
pers with both long and broad pods containing little or no capsaicin, 
much used as a vegetable in Serbia, show the limits given in the 
following table : 



Water 

Protein 

Fat 

N-f. ext. 

Fiber 

Ash 

Min 

Max 

% 

85.61 

91 .50 

% 

1.02 

2,25 

% 

0.34 

4.00 

% 

4.01 
7.52 1 

j 

% 

1.02 

2.84 

/o 

0.50 

1 .16 



1 Philippine Agr. 1932, 21, 53. 

2 Loc. cit. 

»J. Biol. Chem. 1928, 78, 215. 

^ J. Ass. Off. Agr. Chem. 1 930, 13, 129. 
® J. Nutrition 1931,4,419. 

6 J. Biol. Chem. 1929, 82, 465. 

Bui. soo. hyg. aliment. 1928, 16, 457. 

* Chem. 2tg. 1911, 35, 51. 
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Phasphoius-Organic Compounds- Phytin. — Bagaoisan^ reports 1.98 
per cent, dry basis. 

Colors. — Zechmeister and Von Cholnoky^ describe the carotenoids 
they have separated from paprika and identified. Of these, capsanthin 
is characteristic. From 1 kilo of dry paprika, Von Cholnoky ^ by adsorp- 
tion methods obtained capsanthin 1.3, xanthophyl (lutein + zeaxanthin, 
both C40H56O2) 0.6, and carotene 1.3 grams. See Capsanthin in intro- 
duction to this volume. 

Minor Mineral Constituents. Iron. — Peppers, green 4.1, red 6.0 mg. per kilo, 
fresh basis (Peterson and Elvehjem),^ Green, 2 samples, 4.0, 10.5 mg. per kilo, fresh 
basis (Toscani and Remikoff).® 

Manganese. — Green peppers 19.1 mg. per kilo, dry basis (Peterson and Skinner).® 

Copper. — Green peppers 1.0 mg. per kilo, fresh basis (Lindow, Elvehjem, and 
Peterson).^ 

STRAWBERRY TOMATO 

Physalis pvhescms L. 

Fr. Physalide. Ger. Capische Stachelbeere. 

Other names are husk tomato and Winter cherry, the latter name 
referring to the remarkable keeping qualities of the fruit when stored 
in the husk. It has also been called the dwarf Cape gooseberry, the 
true Cape gooseberry being P. peruviana L. The delicious fruit is 
little known and grown in the United States where it is native. 

MACROSCOPIC STRUCTURE. — Compared with the true Cape 
gooseberry the plant is more procumbent. Stem, petioles, leaves 
(toothed or entire), and calyx are hairy and more or less ribbed or veined 
with red. When in flower the calyx is globular, about 2 mm. long, not 
including the lobes which are about 3 mm. long. The bell-shaped, five- 
toothed corolla reaches 1 cm. or more in diameter at the top and is 
straw-colored with five purplish brown spots. After the corolla falls 
the calyx further develops, the tube reaching a maximum of 2.5 cm. 
and forming a loose, five-angled bladder-like covering about the fruit. 
It then changes from green to light buff, and the glossy, globular Jruit 
which has reached a maximum of 1.5 cm. changes from green to yellow. 

1 Philippine Agr. 1932, 21, 53. 

2 Ann. 1927, 464, 54; 1927,456,70; 1928,466,288; 1930,478,95; 1931,487,197. 

® Magyar Gy6gyser6srud. Tdrsasag Ertesitoje 1933, 9, 400; Chem. Abs. 1934, 28, 

2031. 

4 J. Biol. Chem. 1928, 78, 215, 

® J. Nutrition 1934, 7, 79. 

e Ibid. 1931, 4, 419. 

Biol. Chem. 1929, 82, 465. 
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After cal7x and fruit drop the fruit further ripens, becoming bright 
yellow and developing its aroma. It will keep nearly all winter. 
The husked fruit is two-celled and contains numerous seeds 1.5 
mm. long, with a leathery spermoderm, a bulky endosperm, and 
a curved embryo. 

MICROSCOPIC STRUCTURE.— The Pericarp consists of (1) 
epicarp with polygonal, beaded cells somewhat larger (niaximim 100 fi) 
than those of the tomato, (2) hypoderm of still larger cells with wavy 
walls, (3) mesocarp of characterless parenchyma and delicate fibro- 
vascular bundles, and (4) endocarp of inconspicuous thin-walled cells. 

Spermodenn. — Only the outer epiderm (Fig. 130) is noticeable, the 
cells of the remaining layers being collapsed. The radial walls are 
thickened and sclerenchymatized to such an extent as nearly to obliterate 
the lumen ; otherwise they are quite simple in structure, being without 
sharp sinuosities (present in tomato, egg plant, paprika, garden 
peppers, and cayenne). Cross sections show that 
the outer wall is of cellulose and thin as in the 
tomato, while the inner wall has large folds (present 
in egg plant) hut no warts (present in paprika and 
garden peppers), or pores (present in egg plant). 

The Endosperm with rigid walls and the Embryo 
with thin walls, both containing small aleurone 
grains, are much the same as in the tomato. 

Chief Structural. Characters. — Fruit small, 
two-celled, yellow, enveloped in papery calyx ; seeds 
numerous, flattened, 1.5 mm. in diameter. 

Epicarp cells beaded, somewhat larger than in 
tomato; remainder of pericarp characterless. Outer 
epidermal cells of spermoderm with thickened radial 
and inner walls, nearly closing the lumen, but with thin outer wall ; 
sharp sinuosities, warts, and pores absent. 

CHEMICAL COMPOSITION. — No data on the strawberry tomato 
are available but an analysis of the closely related Cape gooseberry 
(P. 'peruviana L.) was made at the Government Laboratory at Durban 
by King ^ and 2 analyses were made by Thompson - of the fruit grown 
in Hawaii, where it is known as poha. 

Acids. — King states that in his sample the acid consisted chiefly of 
citric but 'rnalic and tartaric were also present and that 54 per cent of 
the ash consisted of potash. Animal experiments by Caserio ^ indicate 

i.News. 1910,102, 320. 

2 Hawaii Agr.Exp. Sta. Rep. 1914, p. 62. 

^Z. Vitaminforsch. 1934, 3, 93. 



Fig. 130. — Straw- 
berry Tonjato. 
Epiderm of sper* 
moderm in sur- 
face view. X 160. 

(KL.W.) 
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Composition of Cape Goosebeeey 



Water] 

Solids, 

insol. 

Pro- 

tein 

Fat 

Acids as 
citric 

Sugars, 

total 

Invert 

sugar 

Su- 

crose 

■ Fiber 

Ash 

Africa. . . | 
Hawaii: 

% 

82.61 

% 

% 

2.68 

% 

1.23 

% 

1.69 

% 

9-59 

% 1 
3.13 

% 

6.46 

% 

2.04 

% 

0.82 

I 

82.14 

6.78 


0.33 

2.11 

8.64 

2.67 

5.97 

4.73 

0.73 

II 

82.24 

7.09 

2.01 

0.30 

1.78 

7.74 

2.25 

5.49 

3.82 

0,83 


that the juice of the Winter cherry {F. alhekengi) is twice as rich in 
vitamin C and presumably (zscorbic acid as lemori juice. 

Colors. — See Physaliene under Introduction to this volume. 

BLACIC NIGHTSHADE 

Solarium nigrum L. 

Fr. Morelle noire. Sp. Solano. It. Solano. Ger. Nachtschatten. 

The black nightshade is a native of Europe, Asia, and America. 
Although it has long been considered a dangerous plant because of its 
alleged solanin content, the creoles of the West Indies gather the leaves 
for greens, and in the Middle West, where it is known as ‘^stubble 
berry ” because of its occurrence in wheat stubble, the sweet, rather 
insipid fruit is used for pies and jams. 

The variety guineense L. is sparingly cultivated as the garden 
huckleberry.’’ 

MACROSCOPIC STRUCrURE.— The fndt, borne in small, loose 
clusters, is round, dull blue-black in color, about 7 mm. in diainctcr, 
with numerous flattened seeds about 1.5 mm. in longtli. 

MICROSCOPIC STRUCTURE. Pericarp , — The tissues consist of 
delicate rounded pulp cells with an e'picarp of strongly beackMl, polygonal, 
sometimes quadrilateral or slightly wavy-wallcd cells, up to about 80 p. 
in diameter with striated cuticle. The purple color is in solution in 
the outer tissues. 

Spermoderm. — The outer epiderm, as seen in cross sc^etJon, has in 
the inner half curiously thickened and sinuous walls, similar tc) tkose 
of the garden peppers, and in the outer half thin radial walls with 
delicate rod-like radial thickenings. 

The coat is about 50 g thick on the flat side of the seed, becoming 
considerably thicker over the edge. 



BLACK NIGHTSHADE 


425 


Endosperm and Emtryo.—Practically as in related sepcies. 
CHEMICAL COMPOSITION.— Valeii2uala and Wester^ report a 
single analysis as follows: 


Water 

Pioteia 

Pat 

N“f. ext. 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

86.02 

2.51 

0.56 

5.57 

4.15 

1.19 


^ Philippine J. Sci. 19S0, 41, 85. 



FRUITS OF THE MARTYNIA FAMILY 

(MartyniaceaB) 

Only one species, the proboscis flower, is here described. Creole 
seorzonera (Craniolaria annua L. = Martynia Craniolaria Glox.), a 
species of an allied genus, yields fleshy roots which in South America 
are eaten as a vegetable or as a sweetmeat. It should not be confused 
with the conaposite root vegetable scorzoneia. 

UNICORN PLANT 

Martynia louisiana Mill. = M. yrohoscidea Glox. 

- jProhoscidea Jussiem Stend. 

Fr. Comes de diable. It. Testa di quaglia. Ger. Elephantenriissel. 

This plant as well as other members of the genus is a native of 
sub-tropical America. It is grown in the vegetable garden for the imma- 
ture pods which are pickled like cucumbers. 

MACROSCOPIC structure:— T hroughout, the plant is clothed 
with clammy hairs. Both the thick stem (often 3 cm.) and the petioles 
(often 1 cm.) are hollow, streaked with red. The leaves arc heart-shaped. 
The gloxinia-like jiowers have an irregularly flve-lobed white or purplish 
calyx and an oblique corolla. The lobes of the corolla vary from light 
pink to deep rose ; the throat is nearly colorless, variously spotted with 
crimson - 

The one-celled ovary has two parietal placentae which arc bifurcated, 
thus forming in the fruit (Fig. 131, II) four outer false cells and one 
central cell. At the edible stage the fruit (Fig. 131, I) and its curved 
horn are 4 to 6 cm. long, densely clothed with glandular hairs, up to 
more than 3 mm. long, arising from a bright green epicarp. In cross 
section it is green to the depth of about 1 mm., then white, and finally 
glassy about the numerous seeds, which at this stage are white. On 
further growth the pod becomes tough and the fleshy part splits and 
drops away as two valves, each with a long (6 to 8 cm.) claw, while 
the woody endocarp, without separating from its peduncle, likewise 
splits into two halves, each also with a long claw, thus releasing the 
seeds. Each half of the endocarp bears on the inner edge, extending 
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to the base of the claw, a row of irregular spines which together with 
the sharp claw are a menace to unprotected ankles. 

The seede are somewhat elongated, up to 1 cm. long. The sper- 
moderni is leathery, 1 to 2 mm. thick, rough on the outer surface and 
dead black throughout, contrasting strongly with the thin endosperm 
and fleshy cotyledons which are pure white. 

MICROSCOPIC STRUCTURE. Pericarp. — The remarkable hairs 
(Fig. 131, III), arising from among the headed cells and stomata of 
the epicarpf are the chief objects of interest. These were noted by 
Martinet,^ and his cut was used by Goodale^ to illustrate the glandular 
type of hair. They are jointed with a head which in the earlier stages 
is globular but later becomes um-shaped. The head is formed by a 
circle of wedge-shaped — that is elongated 
both parallel with and at right angles to 
the axis — cells about four central ceEs, The 
secretion collects beneath the cuticle and 
finally exudes when the cuticle has been 
distended to the breaking point. According 
to Hanstein,^ a new cuticle then forms, 
within which a new drop of secretion col- 
lects. When the hair ceases to function the 
head turns brown. The joints of the hair 
immediately below the head contain nu- 
merous chlorophyl grains. 

At maturity, as well as in the earlier 
stages, the mesocarp is characterless. Chlor- 
ophyl grains in the outer layers are the 
visible contents. 

The endocarp, which at the edible stage 
is of soft tissue, finally becomes hard and 

woody. Cross sections show that it is made up of a stockade of 
cylindrical bast fiber bundles, each wrapped about with and separated 
from its neighbor by numerous fibers similar to the insulation of an 
electric wire. This formation resembles that in the pericarp of the 
species of Ambrosia (see Kinghead, Vol. I) hut is more striking. 

Spermoderm. — Cross sections of the mature black seed show that 
the cells are large (up to 200 g), with thick gray-yellow walls (up to 
40 jx) and broad lumens. 

Embryo. — The cotyledons are of typical structure with palisade cells 



Fig. 131. — ^Unkom Plant. I 
and II pod, pickling size. 
X 1. (Ai.W.) Ill Epicarp 
with secretion hair. X 160. 
(KJ3.4V.) 


^Ann. sci. nat. 1872, 14, 91. 

2 Physiol. Botany, New York, 1885, p. 08. 

^De Bary: Comp. Aaat. Phan. Ferns, Oxford, 1884, p. 89. 
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beneath the inner epiderm, Aleurone grains and fat are the visible 
contents. 

Chief Structxjra.l Chara.c'ters. — Emit beaked, glandular, .hairy. 
Seed black with leathery spermoderm, thin endosperm, and feshy 
cotyledons. 

Hairs jointed, glandular, with multicellular heads; endocarp of fiber 
bundles wrapped with numerous fibers. Spermoderm of large cells with 
thick walls. 

CHEMICAL COMPOSITIOIf. — An analysis of the immature fruit 
used for pickling is not available. 

The mature seeds, as analyzed by Bailey and Long,^ contain: water 
2.91, protein 24.41, fat 60.63, starch 4.55, fiber 3.05, and ash 3.80 per 
cent. 

Fatty Oil of Seed. — Two samples ^ of the hot-pressed oil show the 
following values: specific gravity at 15.5° C. 0.9157, refractive index at 
25° C. (recalculated) 1.4725 and 1.4732, saponification number 197.1 
and 198.6, and iodine number 122.3 and 122.8. 

1 J. Ind. Eng. Chem. 1915, 7 , 867. 



FRUITS OF THE GOURD FAMILr 

(Cucurbitacesd) 

Of the four tribes, two include all the species grown in the temperate 
zone as follows: 

I. Cucurbitsp. — Cucurhita (pumpkin, squash), Cucumis (cucumber, muskmelon), 
Ciirullm (■watermelon), /Sicana (cassabajiana), Momordica (balsam pear, balsam 
^ppis), Lujffa (dish-cloth gourd), Bmincasa (wax gourd). 

IL Sicyoid^. — Sechium (chayo'te). 

Mention should also be made of Telfairiapedata Hook. {Cimirhiise), 
East Africa, with, an enormous fruit and numerous seeds used for food 
and oil production, and Acanthosicyos horrida Welw. (Sicyoidse), the 
fruit of which is eaten by the Hottentots. 

COMPARATIYE MACROSCOPIC STRUCTURE, Flower.--"The 
flowers are usually monoecious. Both the calyx and the more or less 
lobed corolla are superior, being united with the ovary or, according to 
some botanists, with the receptacle. In most of the species the ovary 
is three-celled cund many-seeded but in the chayote it is one-celled and 
one-seeded. 

The Fruit is of various well known shapes. At maturity it is hollow, 
solid, or fibrous. In the balsam pear it dehisces, exposing the seeds 
enclosed in scarlet inner fruit flesh. The ovary protrudes from the 
receptacle in the turban squash. Longitudinal grooves occur on the 
pumpkin and muskmelon, warts on the squash and balsam pear, and 
spines on the cucumber and some varieties of chayote. 

H airs are present during the early stages of growth, but on ripening 
persist only in the grooves or between warts. Cork forms a network 
on the muskmelon, but is absent on the cassaba melon which is a variety 
of the same species. The fruii-fesh is either uniform in color, usually 
ortmge or yellow, or else is white in the rind and red or yellow in the 
inner fruit flesh (watermelon). 

Seed. — In the Cucurbits the seeds are borne on central placentse 
extending to the outer wall where they divide and turn back siinu- 
lating parietal placentae. The single seed of Sechium is suspended in 
the cavity. 

All the species here described have anatropoiis, flattened, more or 
less pointed elliptical seeds, each with leathery spermoderin, thin endo- 
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sperm, and bulky embryo consisting of large cotyledons and short 
straight radicle. Seeds of the pumpkin group have a plain raised 
margin and of the balsam pear a scalloped margin. 

COMPARATIVE MICROSCOPIC STRUCTURE. Pericarp.— The 
four layers of the pericarp are (1) epicarp of rounded polygonal, more 
or less thick-walled and radially elongated cells, stomata with thin 
walls, and, in the early stages, jointed and capitate hairs; (2) hypodem, 
many cells thick, of small-celled parenchyma except in the cucumber 
which has occasional sclerenchyma cells under the emergences and in 
the chayote where it consists largely of fibers; (3) mesocarp more or 
less differentiated into three zones, the outer usually rich in stone cells, 
the middle and inner of parenchyma cells often containing starch or 
oxalate crystals, through which run anastomosing hicollateral vascular 
bundles, isolated sieve tubes, and latex tubes; and (4) endocarp of 
thin-walled, more or less tangentially elongated cells often adhering to 
the seed. The parenchyma cells are large in the middle zone, diminish- 
ing in size in the inner zone. They contain starch (pumpkin, cassa- 
banana, chayote), crystals (balsam pear), or no evident contents. 

Braemer ^ and later authors do not accept the view of Fischer ^ 
that what appear to be latex tubes are isolated sieve tubes that have 
ceased to function, as the lack of sieve plates and the presence of granular 
milky contents which harden in alcohol seem abundant proof that they 
are true latex tubes. 

Spermoderm. — All of the tissues are quite uniform over the flat side 
of the seed but vary at the edges. 

The five layers of the CucurUtde tribe are (1) outer epiderm of pris- 
matic palisade cells, polygonal in surface view, and, except for a few 
cases, with peculiar thickenings on the radial walls; (2) siihepiderm of 
one of more layers of cells varying greatly in size and shape and in 
wall thickness; (3) sclerenchyma layer of cells with exceedingly thick 
sinuous walls, isodiametric or elongated longitudinally or radially, with 
remarkable dovetailed branches; (4) parenchyma layer of close or 
spongy tissue which in the pumpkin, squash, and balsam pear is differ- 
entiated into curious cactus-like forms; and (5) inner epiderm of a 
single layer of small polygonal cells often escaping notice. 

Pexisperm. — The cells are small and collapsed with cuticularized 
outer membrane. 

Endosperm. — This consists of one layer of thick-walled cells, con- 
taining oil and aleiirone grains, together with a collapsed inner thin- 
walled tissue. 

^ De la localisation des prineipes actifs de,s Cucurbitacees, Toulouso, 1 893. 

^ Untersuchungen iiber das Siebrohren-System der Cucurbitaceen, Berlin, 1884. 
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Eloiigutcd ill surface view, t OccasiODally OBCe*branched. t Celia vary In size, shape, etc, § Outer layers thin, inner layer thick. 
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Cotyledon, — Two layers of palisade cells underlie the inner e^iderm, 
the remainder of the mesophyl being of small characterless cells and 
procambium bundles. Throughout, oil and small (up to 10 n) aleiirone 
grains with globoids and crystalloids are present. 

The characters of the seed of the chayote, as are described under 
that head, are radically different from those of the Cucurhitse tribe. 

COMPARATIVE CHEMICAL COMPOSITION .—Proximate anal- 
yses of the characterless pulp of the pumpkin, squash, cucumber, and 
certain exotic species show little differentiation. More striking results 
are obtained on the melons, which have a richly saccharine j nice. Canta- 
loupe juice may contain over 5 per cent of sucrose alone in addition to 
a certain amount of reducing sngars, and watermelon juice may contain 

7 per cent of total sugars, reducing sugars apparently predominating. 

The acidity in all the members of the group is low, seldom exceeding 
0.15 per cent calculated as citric. 

The crystalline globulins of the squash and muskmelon seeds have 
long been the subject of research. They contain between 18 and 19 
per cent of nitrogen and about 1 per cent of sulphur. Hirohata ^ found 
that the crystalline globulins of 38 species and varieties belonging to 

8 genera differed little in chemical and physical characters. 

Oils from the seeds of the species examined are serni-drying, the 
chief fatty acids being linolic, oleic, and palmitic in the order named. 

PUMPKIN 

Cncurhita Pepo L. 

Fr. Pepon. Sp. Calahaza. It. Zucca. Ger. Grosse-Ktirbis. 

Early explorers of America state that the aborigines cultivaiecl 
pumpkins with Indian corn as is today a common practice. Wittrnack 
found pumpkin seeds in Peruvian tomhs believed to antedate the dis- 
covery of America. 

In culinary properties the pumpkin resembles closely the Winter 
squash and like it is used as a vegetable cither boiled or hak(Ml. The 
filling of pumpkin pie as made in the United Stat(\s consists of sific'd 
pumpkin pulp, milk, eggs, sugar, and ginger and other sfiiccss. Pumpkin 
seeds contain a nutritious and palatable kernel. 

MACROSCOPIC STRUCTURE. — Althougli peiiiaps tlir^ kirgc'st of 
fruits, the pumpkin is morphologically a hernj. li. vaih's grc^at ly in 
shape but commonly is flail ened-globose wit h al)out 1 went y longit udinal 
greovrs. The c(jlor is yellow, orange, or greenish. Lik(i th(‘ Winter 
^Z. pliysiol. Clicni. 1932, 212, 1. 
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sqaash, the fruit is hollow with a yellow rind often several centimeters 
thick and slimy fibers tangled about numerous whitish, flattened, 


elliptical, margined seeds, and 
the peduncle is not broadened 
where it joins the fruit. 

MICROSCOPIC STRUC- 
TURE. Pericarp.— The layers 
of the mature fruit are (1) ej)i- 
carj) of cuticularized cells up 
to 50 /i high, with thickened, 
bright yellow outer and radial 
walls, stomata, and hair scars ; 
(2) hypoderm^ many cells 
thick, of small isodiametric 
cells; (3) outer mesocarp of 
cells larger than in hypoderm ; 

(4) middle meseoarp of large 
cells containing starch grains; 

(5) inner mesocarp of cells 
smaller than in preceding 
layer, in the inner part form- 
ing with numerous fibro-vas- 
cular bundles a disorganized 
tissue; and (6) endocarp of 



Fig. 132. — Pumpkin, epi iminature epicarp 
in surface view ; j ointed hair, capitate 
hair, sto stoma. X 160. (KU.W.) 


longitudinally elongated cells which strip from the spermoderm as a 


thin skin. 



Fig. 133. Fio. 134. 


Fig. 133.— Pumpkin. Epicarp in surface view. X 320. (K.B.W.) 

Fig. 134 .— Pumpkin. Mesocarp showing; am starch grain.'; and hil latev: 
X lea. (K.B.\Y.) 


tube 
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On the immature fruit (Fig. 132), long (up to 2 mm.), exceptionally 
broad, jointed, 'pointed hairs it i) and small capitate hairs {t are present. 
About the stomata of the mature fruit (Fig. 133) the radiating cells of 



Fig. 135 .—Pumpkin. Seed in cross section. S 
sporniodorm : ep outer ei)i<lerm with am starch 


the epiearp are color- 
less. The starch grains 
(Fig. 134, am) of the 
mesocarpYary up to 10 
jLt and occur singly, in 
twins, and triplets. La- 
tex tubes (Fig, 134, lat), 
sieve tubes independent 
of fibro-vascular bun- 
dles, and bicollateral 
Jihro-vascular bundles 
are distributed through 
the mesocarp. 

Spemiodexm (Fig. 
135, S] Fig. 136).— No 
less than eight layers 
are well differentiated: 
(1) cuter epiderm (ep) 
of prismatic cells up to 
300 u high, with a rib 
on each radial wall 
branching toward the 
tip, containing small 
starch grains (am) up 
to 7 fi; (2) subepiderm 
(hy) of small porous 
colls forming a close 
layer several cells thick; 
(3) sderenchjma layer 
(scl) of large longitu- 
dinally elongated cells, 
with broad lumen, and 


grains, hy siibopidorni, scl sdoronchyma colls, 
l)orous cells, m~ cuLctiis-likc cnlls, and inner 
Ijaroncliyiua, inner cpidoria. N pnrisj)orni. E 
endosporin. C cotyledon with al alcuronc grains. 
X 160. (K.lkW.) 


wavy walls, isodia met- 
ric in cross section; (4) 
small porous cells (m } ) ; 
(5) large, reticulated, 
cactus- like cells {mr) 


forming a spongy tissue; (6) parenchyma (p^); (7) spongy parenchyma (p ^) ; 


and (8) inner epiderm (p'O similar to the preceding but of smaller cells. 
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Perisperm (Figs. 135 and 136, N ), — This consists of an epiderm of 
longitudinally elongated cells and several layers of isodiametric cells, 
all thin-walled. 

Endosperm (Figs. 135 and 136, E ). — A single layer of aleumm cells 
'with well-marhed nucleii. 

Cotyledon (Fig. 135, C ). — The epidermal cells are small. Two 
layers of palisade cells underlie the inner epiderm. The cell contents 
are aleurone grains (al ) , up to 6 ja, with globoids and crystalloids, and 
oil. 

Chief Stetjotural Charactees. — Fruit at maturity large, hollow, 
melon-shaped, yellow, orange, or green. Seeds colorless, margined. 



Fw. 136. — Pumpkin. Elements of in surfticc view. Sporniodcnn: cp outer 
c'piderni, cjp isoliited radijil wjill thic'kmins. iiV suboi'iderui, scl sclercm-liyriia 
colls, poro\is cells, m- (uctus-like cells, and inner paronchyiua, inner 
epiderm. N perisperm. E endosperm. X 160. (K-B.iy.) 

flattened, thick, in slimy mass of bundles. Spermoderm leathery; 
perisperm and endosperm thin ; embiyo bulky. 

Pericarp cells yellow, 50 jx high; hypoderm of small isodiametric 
cells; outer mesocarp of larger cells; middle mesocarp of still larger 
cells containing starch grains (10 g); inner mesocarp, partly disorgan- 
ized; tangle of bundles, latex tubes, and sieve tubes throughout ineso- 
carp. Outer epiderm of spermoderm with rods branching only toward 
the tip; subepiderm of small porous cells; sclcrenchynui cells large 
with broad lumen; cactus-like cells characteristic. See also table 
p. 431. 
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CHEMICAL COMPOSITION.— Analyses by Storer ^ show the 
distribution of food elements in the different parts. These analyses, 
together with those reported by Lindsey^ and by Yoshimura and 
Nishida ® of the whole fruit, by Lindsey, Smith, and Beals ^ of the seeds, 
and by Wicke and Weiske^ of the seed cake after expressing the oil, 
follow : 


Composition’ of Piimpkin ant Its Parts 



Samples 

Water 

Protein 

Fat 

N-f.ext.* 

Fiber 

Ash 



% 

% 

% 

% 

% 

% 

Storer; 








Cominon round 
Flesh 

1 

92.41 

0.87 

0.10 

4.80 

1.11 

0.71 

Rind 


84.44 

2.90 

0.49 

6.75 

3.92 

1.50 

Seeds and fiber 


75.94 

6.32 

7.13 

5.21 

3.74 

1.66 

Small round .... 
Flesh 

1 

94.37 

0.95 

0.14 

3.05 

0.86 

0.63 

Rind 


88.01 

2.63 

0.49 

4.67 

2.97 

1.23 

Seeds and fiber 


77.79 

5.68 

6.71 

4.34 

4.12 

1.36 

Lindsey. 








Whole fruit 

4 

87.53 

1.92 

1.49 

6.25 

1.84 

0.96 

Y.and N.: 








Whole fruit 


82.00 

2.38 

0.45 

12.34 

1.58 

1.25 

L., S., and B. *. 

Seeds 

2 

' 12.0 

28.1 

33.0 

6.5 

17-3 

3.1 

W. and W. : 








Seed cake 


0.00 

43.75 

26.78 

15.41 

5.59 

8.47 


On the following page is a summary of analyses of the “ edible 
portion^’ or solid fruit flesh as given by Atwater and Bryant^ and of 
the same material canned, by McElroy and BigelowY 

Relation of Composition to Ripeness.— Arasimovich^ found that 
both the pumpkin and the Winter squash differ from related species 
in that the seven-days-old fruit contains 3 to 7.5 per cent of sugars, 
which is as much as the ripe. Dextrose is always in excess over 
levulose, and sucrose is not always present. 

1 Bussey Inst. 1877, Bill. 83. 

2 Massachusetts Agr. Exp. Sta. 1917, Bui. 174, 55. 

3 J. Chem. Soc. Japan 1924, ’46, 49. 

* Massachusetts Agr. Exp. Sta, 1919, Spec. Bui. 

s Landw. Vers.-Stat. 1895, 46, 371- 

® IJ. S. Dept. Agr., Of. Exp. Sta. 1906, Bui. 28 rev. 

^ U. S. Dept. Agr., Div. Chem. 1893, BuL 13, 1138. 

® Bill. Appl. Bot. Genetics Plant-Breed. (Leningrad) 1933, Ser. Ill, No. 1, 73. 
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Composition dp Solid Fbuit Flesh of Pumpkin 



Samples 

Water 

Protein 

Fat 

N-f. ext. 

Filler 

Ash 

Salt 



% 

% 

% 

% 

% 

% 

% 

Haw:. . , 

3 








Min.. . 


92.3 

0.9 

0.1 

3.9 

0.9 

0.6 


Max... 


94.4 

1.1 

0.2 

5.9 

1.1 

0.7 


Aver. . 


93.1 

1,0 

0.1 

5.2 

1.2 

0.6 


Canned :. 

5 








Min.. . 


89.38 

0.46 

0.06 ! 

3,55 

0.62 

0.44 

0.01 

Max. . 


94.34 

0.92 

0.40 

7.34 

1.44 

0.55 

0.04 

Aver. . 


92 .72 

0.65 I 

0.14 

4.90 

1.08 

0.61 

0.02 


Proteins. — See Winter Squash. 

Nitrogenous Bases. — Yoshimura and NisMda ^ extracted from 16 
kilos of pumpkin flesh the following: adenine as hydrochloride 0.25, 
arginine as nitrate 1.58, and trigonellme as hydrochloride 6.50 grams. 

Fatty Oil of Seed. Physical and Chemical Values. — Schattenfroh,^ 
Poda,^ Hooper/ and Power and Salway^ gii^e figures for pumpkin seed 
oil corresponding in general with those of squash seed oil. 


Values of Pumpkin Seed Oil 



Sp. sr. 
15“ C. 

Ref. 
index 
25“ C. 

Sa- 

l)on. 

No. 

Io- 

dine 

No. 

Reiehert- 

Meissl 

No. 

Hehner 

No. 

Acetyl 

No! 

Fatty 
acids, 
ni. pt. 

Fatty 

acids, 

titer 

Acid 

No. 

Schattenfroli. 

0.923 


188.7 

113.4 


96.2 

27 2 

“C. 

26.0 

“ C. 

1.27 

Poda : 

Min 

Max 

0.923 

0,925 

1.4723 

1.4738 

188.4 

190.2 

122. S 
130.7 




28.4 

29.8 



Hooper : 

Min 

0.926 


195.7 

126 .0 

0,43 




31 

0.9 

Max 

0.928 


196.2 

129.6 

0.52 




32 

12.8 

P. and S 

0.922* 


189.4 

119.7 





3.4 


* 20V20°. 


Composition . — Following are calculated percentages of glycerides 
^ Loc. cit. 

- Z. Nahr. Unteis. Hyg. Waarenk. 1894, 8, 202. 

^ Z. Unters. Nahr.-Genussm. 1898, 1, 625. 

^ J. Soc. Cliem. lad. 1908, 27, 90(1 
6 J. Am. Clem. 8oc. 1910, 32, 346. 
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in the oil as obtained by Power and Salway ^ and by Eiebsomer and 
Nesty:^ 



JR. and N. 

P. and S. 

Glycerides of: 

% 

% 

Palmitic add.. 

6.5 \ 

30 

Stearic acid. . . 

5.4 / 

Oleic acid .... 

37.5 

25 

Linolie acid. . . 

42.2 

45 


— 

— 


91.6 

100 


Phytosterol . — Power and Salway^ found in pumpkin seed a small 
a, mount of a phytosterol (C 27 H 46 O) melting at 162 to 163° C. 

Acids. — In pumpkin-seed cake, containing 8.7 per cent of oil, Power 
and Salway^ found 5 per cent of resin from which they isolated a new 
monocarlcxylic acid, with the formula C25H51OCO2II, melting at 99° C. 
They also found a small quantity of salicylic acid. 

Carbohydrates.—At maturity the fruit flesh in addition to starch 
(see Microscopic Structure) contains a considerable amount of soluble 
carbohydrate matter, Lindsey ^ found that about 18 per cent of the dry 
matter consisted of sugars of which one4hird was sucrose. Tikhmenev^ 
obtained levulose and decctrose, but no galactose, mannose, or arabinose, 
from unripe pumpkin flour by boiling with water, after e:xtraction with 
fat solvents and alcohol. 

Enzymes - — Peroxidase was first discovered in the horse-radish and 
the pumpkin seed by Each.^ It together with oxygenase, as shown by 
Chodat and Bach,^ make up what was once considered to be a single 
enzyme known as oxidase. 

Mineral Constituents. — Wolff’' found 4.89 per cent of ash and the 
following amounts of mineral constituents as percent ages of the asii : 


K2O 

NaO 

CaO 

MkO 

Fe-iOs 

P2O, 

1 

80-, 

SiO, 

Cl 

% 

19.48 

% 

21.13 

% 

7.74 

% 

3.37 

% 

2.00 

% 

32.85 

% 

2,37 

% 

7.34 

% 

0.43 


^ Loc. cit. 

2 J. Am. Chem. Soc. 1934, 5S, 1784. 

® Loc. dt. 

^ J. Appl. Chem. (U.S.S.R.) 1933, 6, 320; Chem. Abs. 1934, 28, 3101. 
5 Ber. 1903, 36, 600. 
s Ibid. 1903, 36, 606. 

^ Ascheaanalysen. 
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Minor Mineral Constituents. Item . — Fruit 11 mg. per kilo, fresli basis (Peterson 
and Elvehjem),’- 

Manganese .- — Fruit 4.6 mg. per kilo, dry basis (Peterson and Skinner).® 
Copjjer . — Seed coats, trace (Power and Sal-way).® Fruit 1.1 mg. per kilo, fresh 
basis (Guerithault).'* Fruit 0.3 mg. per kilo, fresh basis (Lindow, Flvehjeia, and 
Peterson).® 

Iodine . — None (Winterstein).® 


SCALLOP SQUASH 

Cuenrhita Pejpo var. condema Bailey (part) = var. Melopepo L. 

Fr. PAtisson. Ger. Melonenkiirbis. 

This variety, the pineapple squash, the vegetable mairow, and the 
crookneck squash yield fiuits eaten as Summer vegetables- 

MACROSCOPIC STRUCTURE. — ^The fruit differs from the pump- 
kin chiefly in that it is whitish, flattened, ^ith ten to fifteen scallops 
on the rim. Its flattened form distinguishes it from the pineapple 
squash, the upper half of which is conical, and the yegetable marrow 
which is oblong. At the tender, edible stage the hairs are still attached 
and the seeds are immature, 

MICROSCOPIC STRUCrURE. — The structure is practically the 
same as that of the pumpkin, the only marked difference noted being 
that the rods on the radial walls of the outer epiderm of the spermoderm 
besides branching at the outer end, also branch along their entire 
length. 

Chief Structura^l Cha.kacters. — Fruit flattened, scalloped. 

Histological structure same as of pumpkin except that rods of outer 
epiderm of spermoderm branch along entire length. See also table 
p. 431. 

CROOKNECK SQUASH 

CucurUta Pepo rar. condensa Bailey (part) = var. verrucosa Naud. 

Fr. Potiron a verrues. Ger. Warzenkiirbis. 

Although the erookneek squash is regarded as a variety of C. Pepo 
and according to L. H. Bailey the same variety as the scallop squash, 

1 J. Biol. Chem. 1928, 76, 215. 

®J. Nutrition 1931,4, 419. 

^Loc. cit. 

“^Bul. soc-hyg. aliment. 1927, 15,386. 

« J. Biol. Cbem. 1929, 82, 465. 

®Z. physiol. Cbem. 1918, 104, 54. 
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the presence of a hard sclerenchyma tissue in the outer mesocarp sug- 
gests close relationship with the Winter squash. 

MACEOSCOPIC STRUCTURE.” The crooked neck and the bottle- 
shaped body of the fruit distinguish this variety from all other varieties 
of Cucurbita Pepo. The blister-like warts distinguish it from the 

scallop squash. Blis- 
ters occur also on the 
Winter squash. 

MICROSCOPIC 
STRUCTURE. Peri- 
carp (Fig. 137).— The 
epicarp cells (epi) are 
somewhat shorter (up 
to 36 )u) than in the 
pumpkin and the 
much-thickened outer 
walls are depressed 
over each cell, caus- 
ing the wavy appear- 
ance in cross section. 
The stomata (sto) are 
sunken. Hairs (t) such 
as occur on the pump- 
kin persist to ma- 
turity. 

The sclerenchyma- 
tizcd cells of the outer 
mesocarp {st), often 
radiating about inter- 
cellular cavities (x), 
are highly character- 
istic. Because of this 
tissue the mature 
squash has a hard 
‘^shel^^ that resists 
decay. 

Spennoderm.— The 

rods on the radial 
walls of the outer ept- 
derm, like those of 
the outer end as in 




Fig. 137.— Crookneck Squash. Outer pericarp in cross 
sc(ttion. cpi opicarp with t hair and sto stoma; hy 
hypodorm ; st outer niesocai-p with x large intercellular 
space; mc.s middle nic^socarp with fv va.s(ailar bimdlG 
and am starch grains. X 160. (K.B.W.) 

other Summer squashes, besides branching at 
pumpkin also branch along their entire length. 
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Chief Structueal Characters. — Fruit elongated obovoid, crook- 
necked, with warts. 

Epicarp cells, 36 /i, with depressed outer walls; outer mesoearp 
strongly sclerenchymatized. Otherwise like scallop squash. See also 
table p. 431. 

WmTEjR SQUASH 

Cucurhita maxima Uuch. 

Fr. Potiron. Sp. Zueca. Grer. Speisekiirbis. 

Under this head are included numerous cultivated varieties, including 
the Hubbard, the turban, and others of various shapes, used when fully 
ripe in place of the pumpkin. It does not include the Winter crookneck 
squash (C. moschoia Duch.) . The species is believed to be a native of 
the Old World and does not cross readily, if at all, with C. Pe'po. 

MACROSCOPIC STRUCTURE, — Some varieties have fruits as 
large as those of the pumpkin. The surface is commonly green and 
warty with indistinct longitudinal grooves. There are yellow and 
orange varieties which color also characterizes the flesh. The Hubbard 
squash is of large size, somewhat pointed at both ends. Turban squashes 
are characterized by the protrusion of the fruit proper beyond the recep- 
tacle. Other varieties are oblong and variously shaped. Like the pump- 
kin, the fruit is hollow with seeds entangled in bundles. 

MICROSCOPIC STRUCTITRE. — Not noticeably different from that 
of the crookneck squash. 

Chief Steucttjral Characters.— Fruit of various shapes and sizes, 
green, yellow, or orange. Seed like pumpkin seed. 

Histological structure same as of crookneck squash. 

CHEMICAL COMPOSITION. — On the next page are a summary of 
analyses of the edible portion of the squash reported by Atwater and 
Bryant,^ an analysis of fresh squash, grown in the Philippines, by 
Agcaoili,^ and two analyses of canned squash by McElroy and Bigelow^^ 

Changes in Composition. During Ripening and Storage.— The increase 
in reducing sugars during ripening is noted by Cordner and ]\Iatthews,‘^ 
who also show that storage at 2 to 4° C. prevents loss of carbohydrates. 

Relation of Composition to Ripeness. — Arasiinovich^ found that 
both the pumpkin and the Winter squash differ from related species in 

1 U. S. Dept. Agr., Off. Exp. Sta. 1906, Bui. 28 v^v, 

2 Philippine J. Sci. 1916, 11, 91. 

3 XJ. S. Dept. Agr., Div. Chem. 1893, Bui. 13, 1139. 

^ Proc. Am. Soc.Hort. Sci. 1931,27,520. 

^ Bui. Appl. Bot. Genetics Plant-Breed. (Leningrad) 1933, Ser. Ill, No. 1, 73. 
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Composition op Solid Eruit Plesh op Squash 



Samples! "Water 

Protein 

Eat 

N-f. ext. 

Fiber 

Ash. 

Salt 

Raw 








A. and B.: 

10 







Min 

78.9 

0.6 

0.1 

3.5* 

0.5t 

0.4 


Max. . - . 

95.2 

3.1 

1.4 

16.1* 

1.2t 

1.6 


Aver.. . . 

88.3 

1-4 

0.6 

9.0* 

0.8t 

0.8 


. Ageaoili. . . 
Canned 

87.20 

1.33 

0.43 

9.33 

0.70 

1.01 


McE. and B. 

:| 







I 

85.63 

0.24 

0.06 

13.60 

0.28 

0.19 

0.01 

11 

87.53 

0.85 

0.45 

9.47 

1.08 

0.62 

0.03 


* Includes fiber. 1 5 samples. 

that immature fruit contains as much sugar as ripe. Dextrose always 
exceeds lewulose, and sucrose is not always present. 

Relation of Composition to Quality. — Cummings and Stone ^ measure 
the culinary value of Hubbard squash by the protein content on the 
dry basis which varied from 10.5 to 11.3, aver. 11.4 per cent, when the 
quality was good and from IQ.S to 15.9, aver. 12.8 per cent, when it 
was poor or the fruit was immature. 

Proteins. — Barbieri - prepared a protein from squash seeds differing 
somewhat in composition from the globulin of later investigators. 
Griibler^ extracted a crystalline globulin by means of warm dilute brine 
and other saline solutions. Chittenden and Hartwell^ prepared a glob- 
ulin in crystalline, spheroidal, and amorphous forms, agreeing closely 
in composition with that of Griibler, and Osborne^ showed that the 
squash seed globulin had practically the same composition as the 
globulin of hemp seed, linseed, and castor bean. 

The Ultimate Composition oj Squash Seed Globulin by the authors 
named follows on the next page. 

Jones and Gersdorff ® isolated a globulin in the form of octohcdral 
crystals. 

Amino Acids oJ Squash Seed Globulin. — Abdcrhalden and Berghaii- 

^ Vermont Agr. Exp. Sta. 1922, Bui. 48, 222. 

^ J. prakt. Chem. 1878, 18, 102. 

•‘Ibid. 1881, 23, 97. 

M. Physiol. 1890, 11, 435. 

« Am. Chem. J. 1892, 14, 662. 

6 J. Biol Chem. 1923, 66, 79; 1927, 76, 213. 
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Griibler Chittenden and Hartwell Osborne 


Crystalline! Crystalline Spheroidal| Amorphous Crystalline! Spheroidal 


Carbon 

51 .48 

51.60 

52.03 

51. SO 

51.65 

51.42 

Hydrogen.. . 

6.76 

6.97 

6.93 

6.94 

6.89 

6.83 

Nitrogen . . . 

18.14 

18.80 

19,08 

18.72 

18.51 

18.64 

Sulphur .... 

0,96 

1.01 

1.04 

1.01 

0.88 

0.90 

Oxygen .... 

21 .53 

21.62 

20.92 

21.53 

22.05 

22.21 


98.87 

100.00 

100.00 

100.00 

100.00 

100.00 


sen ^ obtained by hydrolysis quantitative results for 8 of the amino acids, 
totaling about 29 per cent. They found 13,4 per cent of glutamic acid, 
and Osborne and Gilbert ^ the same year found 12.35 per cent. Osborne 
and Clapp ^ extended the -work as shown below. 

Products of Hydroltsis op Squash Seed Globulin 

(Osborne and Clapp) 


% 

Glycocoll 0.57 

Alanine 1.92 

Valine 0.26 

Leucine 7.32 

Serine 

Cystine 0.23 

Aspartic acid 3.30 

Glutamic acid 1*2.35 

Tyrosine . 3.07 

Phenylalanine 3,32 

Proline 2,82 

Tryptophane +- 

Arginine 14.44 

Lysine 1-99 

Histidine 2. 03 

Ammonia L55 


In squash seed globulin Jones, Gersdorff, and Moeller '^ olAained 
cystine 1.38 and tryptophane 3.1)1 per cemt, and Hanke*’ tyrosine 3. (J5 
and histidine 2.26 per cent. 

^ Z. physiol. Chenn. 1906, 49, 15. 

2 Am. J. Physiol 1900, 16, 333. 

3 Ibid. 1907, 19, 475. 

U. Biol. Chem. 1924,62,183. 

^ Ibid. 1925, 66, 489. 
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Fatty Oil of Seed. — Hooper^ exammed oil from seeds of squash 
grown in India, and Baughman and Jamieson ^ seeds of Hubbard squash 
grown in the United States. 

Physical and Chemical Values.— 'Results by the authors named 
above follow: 

Values of Squash Seed Oil 


|Sp. gr. 
15" C. 


Ref. 
index 
25° C. 


Sapon. lodinel 
NTo. No. 


iReichert- 

Meissl 

No. 


Polen- 

ske 

No. 


Acetyl 

No. 


I Fatty 
acids, 
titer 


Acid 

No. 


Unsa- 

pon. 

matter 


Hooper: 


Min.. . . 

0.919 

194.9 

88.7 

0.47 

32.0 

6.4 


Max... . 

0.926 

197.1 

133.4 

0.67 

38.0 

17.7 


B. and J.. 

QMS* 1 .4714 

191.5 

121.0 

0.37 

0.39 27.8 29.8 

0.5 

1.06 


*25725®. 


The wide range of iodine number reported by Hooper needs cor- 
roboration. Baughman and Jamieson obtained the following additional 
results: saponification number of insoluble acids 201.8, of liquid acids 
201.7, of solid acids 210.3; mean molecular weight of insoluble acids 
278, of liquid acids 278.1, of solid acids 266.8; soluble acids 0.33 per 
cent; insoluble acids 94.66 per cent; unsaturated acids 76.45 per cent; 
and saturated acids 18.37 per cent. 

Composition oj Squash Seed Oil . — The composition, as calculated by 
Baughman and Jamieson^ from their own data, follows: 



% 

Glycerides of : 


Arachidic acid, about. . 

0.04 

Stearic acid 

6.00 

Palmitic acid 

13.00 

Olei c acid 

37.00 

Li noli c acid 

44 .00 

Un, saponifiable matter. . . . 

1 .00 


101.04 


Phosphorus-Organic Compounds. Bagaoisan*^ found 1.89 

per cent, dry basis. 

1 J. Soc. Chem. Ind. 1908, 27, 906. ' Loe. cit. 

2 J. Am. Chem. Soc. 1920, 42, 152. < Philippine Agr. 1932, 21, 53. 
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Colors.— Suginome and Ueno^ found cucnrhitenej C40H56, and 
cucurhiiaxanthm, C40H56O2; in the flesh, Zechmeister and Tuzson^ 
only / 5 -carotene and a trace of a-carotene. 

Minor Mmeral Constituents, /row.— Fruit, 3 samples, 70 to 130, aver. 105 mg. 
per kilo, dry basis (Hemington and Shiver) Hubbard squash 5.5 mg. per kilo, fresh 
basis (Peterson and Elvehjem).^ 

Manganese. — Fruit, 6 samples, 18.1 to 27.6, aver. 23.8 mg. per kilo, dry basis 
(Remington and Shiver).* 

Copper.— -Fruit, fresh 1 . 1 , dry basis 10.9 mg. per kilo (Guerithault).^ Fruit, 6 
samples, 11 .0 to 15.3, aver. 13.2 mg. per kilo, dry basis (Remington and Shiver).® 
Hubbard squash 0.4 mg. per kilo, fresh basis (lindow, Elvehjem, and Peterson).® 

Z'mc.— Edible portion fruit 2.1 mg. per kilo, fresh basis (Bertrand and Benzon).^ 

Arsenic . — Fruit 0.09 mg. per kilo, fresh basis (Jadinand Astmc).® 

MUSK SQUASH 

€ijLcurbit(i moschaia Duch. 

Fr. Conrge miisqu^e, Ger. Moschuskiirhis. 

Winter crookneck, Canada crookneck, and cushaw are other names 
for plants of this species which Mandin separates into five botanical 
varieties. 

MACROSCOPIC STRUCTURE. — The fruit varies in color from 
green to orange, often with markings of another shade, and in form from 
disk-shaped to crooknecked. It is smooth, with or without longitudinal 
grooves, or more or less warty. The seeds also vary from those of 
the pumpkin type to much larger blue-margined forms. 

MICROSCOPIC STRUCTURE.— The Pericarp is intermediate in 
structure between that of the pumpkin and Winter squash. 

Spermoderm. — According to Kondo® the spermoderm differs from 
that of the pumpkin chiefly in having no thickenings on the radial walls 
of the cells of the cuter epidem— these varying up to 530 p in height— 
and in having starch in the inner parenchyma. 

Seeds furnished by the Office of Foreign Seed and Plant Introduction, 
Department of Agriculture, separate into two classes, both of the 

*BuL Soc. Chem. Japan 1931, 6, 221. 

^Ber. 1934, 67B, 824. 

3 J. Ass. Off. Agr. Chem. 1930, 13, 129. 

^ J. Biol. Chem. 1928, 78, 215. 

^Compt. rend. 1920, 171, 196. 

« J. Biol. Chem. 1929, 82, 465. 

*^ 601 . soc. hyg. aliment, 1928, 16, 457. 

sCompt. rend. 1912, 165, 291. 

®Ber. Ohara Inst. Land-w. Forsch. 1918, 1, 288. 
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pumpkin type but differing in the following details: (1) those with 
thickenings on radial walls of the outer epiderm branching only a few 
times at top and occasionally once or twice at the bottom, and (2) 
those with very delicate thickenings extending over top and down on 
other side with only occasional, never feather-like, branches. The 
suhe^iderm and scleremhyma layer of this second class also differ in 
not being of uniform height on the flat side of the seed. 

Chief Structural Characters. — Emit green to orange, disk- 
shaped to crooknecked. Seeds varying from pumpkin type to large blue- 
margined forms. 

Pericarp between pumpkin and Winter squash in structure. Outer 
epiderm of spermoderm with no radial thickenings or only delicate, 
sparingly branched thickenings (distinction from pumpkin). See also 
table p. 431. 

CUCUMBER 

Cucumis sativus L. 

Er. Concombre. Sp. Pepino. It. Cetriuolo. Ger. Gurke. 

De Candolle has produced proof that the cucumber is a native of 
the Himalayas and has been cultivated in India for 3,000 years whence 
in ancient times it was introduced into the Far East and Europe. 

It is commonly eaten raw or pickled, less often as a cooked vegetable. 

MACROSCOPIC STRUCTURE.— Characteristic of the /mf/ are the 
elongated, rounded triangular form, the three locnles, the more or less 
prominent spiny warts, and the white inner flesh. English forcing 
cucumbers are long and slender. At maturity the rind is yellow. A 
gelatinous material surrounds the seeds which at maturity are light 
buff, 1.5 cm. or less long, flattened, thin (up to 2 mm.), pointed at both 
ends, and without a margin. 

MICROSCOPIC STRUCTURE. Pericarp (Figs. 138 and 139).— The 
layers are: (1) epicarp (epi) of cells up to 75 [i high with strongly 
thickened outer and radial walls, emergences, and hairs of two types; 
(2) hypoderm (fiy) of rounded, loosely arranged parenchyina cells con- 
taining chlorophyl and beneath each emergence a group of porous 
sclercnchyma cells (st); (3) outer, (4) middle, and (5) inner rnesocarp 
of thin-walled, rounded parenchyma cells, largest in the middle meso- 
carp, with numerous fibre- vascular bundles, latex tubes, and sieve 
tubes; and (6) endocarp of elongated, thin-walled cells. 

At maturity the walls of the epicarp become brilliant yellow. A 
long jointed, pointed hair (t) occurs at the apex of each enierg{mce, and 
numerous small, weak capitate hairs (Eig. 139), with usually four-celled 
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head, are distributed over the surface. Both forms are readily detached. 
The gelatinous appearance of the tissue about the seeds is due to tiir- 
gescence. The endocarp is firmly attached to the mesoearp and does 
not cling to the seeds as in the pumpkin. 

Spermoderm (Fig. 140, S ). — Mature seeds should be sectioned while 



Fig. 138. — Cucumber. Outer pericarp in cro.s3 section, epi epicarp with eraer- 
f^oiice hearing t jointed hair; ky liv}) 0 <lern) with si sclerenehyinatized (*elb be- 
neath emergcmce. X 55. (K.B.W.) 

Fio. 139. — Cucumber. Immature epicaip in cross section with hairs. X 160. 

(K.B.W.) 


fresh, since on drying the outer wall of the outer epiderm is usually 
lost. The six layers are: (1) outer epiderm of cuticularized palisade 
cells (ep) up to 250 ix high on the sides of the seed, with broad, pointed 
thickenings; (2) siibeptderm {sub; Fig. 141) of a single layer of 
longitudinally elongated cells with thick, sinuous, porous, sclereiichy- 
matized walls; (3) sclere-nchyrna layer (scl] Fig. 142) of thick-walled, 
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porous, longitudinally elongated cells, isodiametric in cross section; 
(4) spongy parenchyma {p^); (5) simple parenchyma (p^); and (6) inner 

epiderm of small elongated cells. 

Tangential sections show that 
the thickenings of the cells of the 
mier epiderm occur on the two op- 
posite radial walls of each cell at 
right angles to the axis of the 
seed. Treatnaent with ehlorozinc 
iodine brings out three zones in 
the thickenings, an outer indis- 
tinct zone staining bine, a thin 
middle, weakly refractive zone 


sub — - 




Pig. 140. 


Fig. 141. 


Fig. 140. — Cucumber. Seed in cross section. 8 spermoderai : ep outer epiderm, 
mh subepidenn, scl sclerenchyma cells, p^ outer and inner parenchyma. N 
perisperm. E endosperm. C cotyledon: ep epiderm, al aleurone grains. X 160. 

CKJB.-W.) 

Fig. 141. — Cucumber. Isolated subepidermal cell of spermoderm in surface -vie-w. 
XSOO. (KJB.W.) 


also staining blue, and a strongly refractive core staining yellow. 

Even in green cucumbers, the sclerenchyma 
layer is striking in surface view (Fig. 142) be- 
cause of its thick walls and the interlocking 
branches. 

Perisperm (Fig. 140, N), Endosperm (E), 
and Cotyledon (C) are of the usual cucur- 
bitaceous type. 

Chief Suructurax Cearxcuers. — Fruit 
elongated, warty, rounded- triangular with 
seeds embedded in the gelatinous inner mesa- 
carp. Seeds light buff, thin, pointed, without 
margin. 

Epicarp of palisade cells (75 ju), elongated, jointed, pointed hair on 
each emergence, capitate hairs elsewhere; hypoderm under emergence 
of porous sclerenchyma cells; mesocarp characterless. Outer epiderm 



Fig. 142. — Cucumber. Half 
of isolated sclerenchyma 
cell in surface viev'. K 300. 
(KB.W.) 
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of spermoderm with broad, pointed thickenings; subepidemi of single 
layer of longitudinally elongated, thick-T^alled cells; sclerencbynia layer 
of thick-walled, elongated cells. See also table p. 431. 

CHEMICAL COMPOSITION.— Dahlen 1 and Eeinze ^ analyzed 
whole cucumbers of different sizes and consequently of different degrees 
of ripeness. Atwater and Bryant^ summarize analyses of the edible 
portion of 4 samples, Agcaoili ^ gives an analysis of the edible portion 
of 1 sample, and v. Schleinitz ® of peeled and unpeeled cucumbers. 


Composition or Cucumber 



Water Protein 

Pat 

N-f. ext. 

Sugars, 

reducing 

Sucrose Piber 

Ash 

Dahlen: 









Small 

95.44 

0.93 

0.03 

2.66 

1.51 


0.50 

0.44 

large 

Heinz e: 

94.17 

1.53 

0.06 

3.07 

0.79 


0.69 

0.48 

Small ( 80 - S 0 g .). .. 









Min 

96.63 

0.69 

0.08 


0.00 

0.05 

0.55 

0.32 

Max 

96.75 

0.98 

0.10 


0.00 

0.13 

0.64 

0.34 

Aver. 

Med. (17O-190g.) 

96.63 

0.81 

0.09 

1.44 

0.00 

0.10 

0.58 

0.34 

Min 

95.40 

0.56 

0.08 


0.11 

0.05 

0.55 

0.38 

Max 

96.04 

0.94 

0.10 


0.98 

0.13 

0.68 

0.53 

Aver 

Large (857-S97g.) 

95.82 

0.68 

0.09 

1.68 

0.66 

0.09 

0.66 

0.42 

Min 

95,12 

0.69 

0.22 


0.55 

0.11 

0.72 

0.40 

Max 

95.23 

0.71 

0.27 


0.57 

0.12 

0.76 

0.43 

Aver 

96.18 

0 .70 

0.24 

2.06 

0.66 

0.12 

0.74 

0.42 

A. and B. 









Edible part 









Min 

94.7 

0.5 

0.1 

2.2* 



0.5 

0.3 

Max 

96.3 

0.9 

0.5 

4.0* 



0.9 

0.6 

Aver 

96.4 

0.8 

0.2 

3.1* 



0.7t 

0.5 

Agcaoili 

V- ScWeinitz: 

94.14 

0.52 

0.19 

2.39 



0.30 

0.46 

Peeled 

97.66 

0.55§ 

0-17 

0.89 



0,30 

0.43 

Unpeeled 

97.32 

0.6411 

0.16 

0.96 



0.43 

0,49 


* Includes fiber, t 2 samples. S Pure protein 0.39 'll . H Pure piruteiu 0.17 

‘ Landw.Jiilirb.1875,4, 613. 

‘ %. Unters. Nahr.-Genussm. 1903, 6, 529, 677. 

» U. S. Dept. Agr., Off. Exp. Sta. 1906, liul. 28 rev. 

* Philippine J. Sci. 1916, 11, 91. 

‘ Landw. Jahrb. 1918, 62, 131. 
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Composition of Seed. — Einhorn, Milski, and Kalashnikov ^ found 
in a single sample of air-dry seeds : 

Water Proteini Pat starcli, I Pectins Phytin Ash 

, ' sans lose thin 

etc. 


8.0 29.69 31.47 1.88 4.67 13.89 0.59 1.1 2.60 3.92 2.25 


liitrogenotis Bases.—From the hot water extract of 22 kilos of 
fresh cucumbers Yoshimura and Nishida ^ isolated : adenine as hydro- 
chloride 0.27 and trigonelline as aurichloride 0.5 gram and obtained 
positive reactions for arginine. 

Fatty Oil of Seed. Physical and Chemical Values . — Two samples 
of cucumber seed oil examined by Hooper^ and one, obtained by 
extraction, examined by Einhorn, Milski, and Kalashnikov,^ showed 
the following values : 



Sp. gr. 
15° C., 

Ref. 
index 
25° C. 

Solid. 

Pt. 

Sa- 

pon. 

No. 

Iodine 

No. 

Reichert- 
Meissl ! 
No. 

Polen- 

ske 

No. 

Acetyl 

No. 

Fatty 

acids, 

titer 

Hooper; 

I 

0.924 


° C. 

195.2 

196.9 

117.6 

0.52 


1 . . . . 

° C. 

35.5 

35.5 

II 1 

0.923 



118.5 

0.52 



E. M.and K. 

0.9251 

1,4761 

-3.6 

191 .1 

115.3 

1.05 

0.87 



16.6 


Composition. — The last-named authors found unsaponi liable matter 
1.91 per cent and the following amounts of fatty acids: stearic 3.72, 
palmitic 6.79, oleic 58.49, and linolic 22.29 per cent. 

Phosphoms-Organic Compounds. Phyiin . — Bagaoisan ^ reports 3.05 
per cent, dry basis. 

Enzymes. — The presence of an ereptic enzyme, located chiefly in 
the endoearp and most abundant in the mature fruit, has been demon- 
strated by Chopra and lloy.^‘ 

‘ Mad.-Zhir. Delo 1 929, 46, 44; Chem, Abs. 1930, 24, 2625. 

2 J. Cheni. tx)!?. Japnn 1924, 46, 49. 

» J. Am. Cheiu. 8oe. 1 90S, 27, 906. 

^ Loe. cit. 

^ Philippine Agr. 1932, 21, 53. 

“ Jndiaii J. Med. Res. 1933, 21, 17. 
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Mineral Constituents, — Wolf! ^ found 6.3 per cent of ash in fresh 
cucumbers, containing 95.6 per cent of water, and the following amounts 
of mineral constituents recalculated to percentages of the ash: 


KaO 

Na^O 

CaO 

MgO 

P 2 O 5 

SO 3 

SiOs 

Ci 

% 

% 

% 

% 

% 

7o 

% 

% 

38,1 

9.5 

6.4 

3.2 

19.0 

6.3 

7.9 

6.4 


Minor Mineral Constituents. Irm. — Green fruit 3.5 mg. per kilo, fresh basis 
(Peterson and Elvehjeni).^ 

Manganese . — Seed 2.5 mg. per kilo, dry basis (Wester).® Green fruit 48.4 rng. i)er 
kilo, dry basis (Peterson and Skinner).^ 

Copyer. — Fruit, fresh 2.3, dry basis 60 mg. j>er kilo (Guerithault).^ Green fruit 
0 . 6 mg. per kilo, fresh basis (Lindow, Elvehjem, and Peterson).® 

Zinc . — Pruit 1.6 mg. per kilo, fresh basis (Bertrand and Benzon).^ 

MUSKMELON 

Cmnmu Mdc L. 

Er. Melon musqu6. Sp. Melon almizeleno. It. Mellone. 

Ger. Zuckermelone. 

The parent plant, a native of Asia and Africa, produces small 
fruits. Naudin® divides the varieties into 10 groups which freely 
hybridize with one another: (1) agrestis, wild form; (2) cantahipensis, 
cantaloupe; (3) retimlatuSy netted melons; (4) saccharimiSj sugar and 
pineapple melons; (5) inodorus. Winter melons; (6) fenwsus, serpent 
melon, ornamental and used for preserves; (7) acid ulus, cucumber 
melon; (8) Chito, orange melon, used for preserves; (11) Dmlaim, 
fragrant ornamental; and (10) erythrscus, Persian melon, scarlet-fruited 
ornamental. In some sections of the United States the term cantaloupe 
is incorrectly applied to the netted or nutmeg melons, the true cantaloupe 
being grown chiefly in Europe, often under glass. The cassaba melon, a 
Winter melon introduced from Asia Minor, is now extensively grown 

1 Aschenanalysen. 

2 J. Biol. Chem. 1928, T8, 215. 

3 Biochem. Z. 1921, 118, 158. 

^ J. Nutrition 1931, 4, 419. 

® Compt; rend. 1920, 171, 196. 

8 J. Biol. Chem. 1929, 82,465. 

^ But. soc. hyg. aliment. 1928, 16, 457. 

® Ann. sci. nat. 4 ser., 1859, 2. 
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in California; a rather small fruited variety, known as Honey-dew, 
has a whitish skin. 

MACROSCOPIC STRUCTURE. — In form the melons are commonly 

globoidal or elongated 
with about ten more 
or less distinct narrow 
longitudinal grooves 
producing an appear- 
ance known as ''melon- 
shape.” The surface 
may bear numerous 
cork-like reticulations 
mes (nutmeg or netted 

rjyt melons) or may be 

Fig. 143. — Muskmelon, Rib of pericarp in cross sec- merely 

tion. epf epicarp; su cork cells; hy hypoderm; mes wrmkled (true canta- 

outer mesocarp. X 50. (K.B.W.) loupe, cassaba melon, 

etc.). The color of the 

rind and especially of the flesh varies from white or green to yellow, 
orange, or red. The seed is like that of the cucumber in form and 
size but is somewhat yellower. 


Fig. 144. Fig. 145. 

Fig. 144. Miisknielon. Pericarp in surface view, epi epicarp with t hair and sto 
stoma; hy hypoderm. X 160. 

Fig. 145.— Muskmelon. Epicarp in tangential section. X 160. (K.B.'W.) 

MICROSCOPIC STRUCTURE.-Examination of netted melons of 
several varieties coinmoaly grown in the temperate zone, as -ffell as 
smooth cassaba and honey-dew melons, shows substantial agreement 
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of structure of the inner fruit and the seed but marked differences in 
the epicarp. 

Pericarp. — The marking of netted melons is due to cork cells (Fig. 
143j su) which break through, the epicarp similarly to the cells of lenti- 
cels. Between the reticulations the cells of the epicarp (Figs. 143 and 
144, epi; Fig. 145) resemble those of the cucumber but haye thicker 

walls, except in the grooves where 
they are tliimier and porous, the 
lumen in cross section being flask- 
shaped. The numerous small capf- 
tate hairs of the immature fruit 
disappear on ripening, hut the long 
(up to 375 /i), jointed, pointed, warty 
hairs (Fig. 144, t) persist at maturity 
in the depressions and grooves. 

5 


N 
E 

0 

Fig. 146 . Fig. 147 . 

Fig. 146 . — Miiskmelon. Seed in cross section. S spemioderm ; e-p outer epiderm, 
mb snbepiderm, scl sclerenchyma. cells, outer and inner spongy parenchyma. 
N perisperm. E endosperm. C cotyledon: ep epiderm, al aleurone grains. 

xm (KJB.W.) 

Fig. 147.— Muskmelon, Isolated sclerenchyma cells {scl of Fig. 146). X 300. 

(KB.W.) 

The cells of the hypoderm (Tigs. 143 and 144, hy) have somewhat 
thickened, porous walls. The remaining pericarp tissues differ little 
from the tissues of the cucumber except that the cells about the numerous 
fibio-vascular bundles of the inner mesocarp are disorganized as in the 
pumpkin. 

Speimoderm (Fig. 146, S\ Fig. 147). — The thickenings on the 
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radial walls of the 02 iter e^iderm (ep) are narrow, not broad as in the 
cucumber; the snhepiderm (suh) consists of several cell layers of scle- 
renchynia cells (a single layer in the cucumber) ; and the cells of the 
spongy parenchyma are larger with slightly thickened, porous, 
sclerenchymatized walls. Otherwise the seed is like the cucumber 
seed. 

Chief Structural Characters. — Emit globoidal or elongated, 
white, green, yellow, orange, or red, with or without reticulated surface. 
Seed yellow, like cucumber seed in form and size. 

Reticulations due to cork cells ; epicarp cells thick-walled except in 
the grooves, lumen flask-shaped; hairs warty, jointed. Outer epideim 
of spermoderm with narrow, pointed thickenings; subepiderm of 
several layers of selerenchyma cells. See also cucumber and table 
on p. 4^1. 

CBDEMICAL COMPOSITION. — Eichardson ^ separated a sample 
of nutmeg (musk-) melon into five parts and analyzed all but the seeds 
which constituted 3.3 per cent of the whole. Bcrsch ^ separated 2 types 
of melon, Persikamr and Zucker^ into edible part (49 and 46.5 per 
cent), rind (42.4 and 37.1 per cent), and seeds etc. (8.6 and 16.4 per 
cent), but analyzed only the edible part. Pratt and del Eosario ^ 
analyzed the edible part of 2 samples, one of which was the smooth- 
skinned melon with edible part 75, rind 15, and seeds 10 per cent, the 
other the rough-skinned melon espagnol with edible part 77, rind 13, 
and seeds 10 per cent. Youngken ^ followed the same plan in the exam- 
ination of 2 sub-tropical varieties, cassaba and boney-dew, now exten- 
sively shipped throughout the United States. The samples contained 
respectively: edible part 50 and 45, rind 41 and 49, and seeds and 
placentae 9 and 6 per cent. See table next page. 

In the samples of melon and melon espagnol the sucrose obtained by 
copper reduction and by polarization was practically the same. The 
acidity calculated as citric was respectively 0.11 and 0.16 per cent, 
the alkalinity of the ash 52 and 50 cc. tenth normal acid per 100 grams 
of material. 

Changes in Composition During Ripening and Storage. — Chace, 
Church, and Denny'^ studied California cantaloupes with the view of 
devising tests for determining when the fruit is in the proper condition 
for picking. A summary of the solids and sucrose in the juice of one 

1 U. S. Dept. Agr. Rep. 1883, p. 236. 

2 Landw. Vers.-Stat. 1896, 4S, 473. 

® Philippine J. Sei. 1913, 8, A, 59. 

« Am. J. Pharm. 1921, 93, 104. 

^ U. S. Dept. Agr. 1924, Bui. 1260. 
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Composition of Moskmelon ani> Its Parts 



Waterl 

Pro- 

tein 

Pat 

N-f. 

ext. 

Sugars, 

reduc- 

ing 

Su- 

crose! 

Fiber 


Richardson; 









Nutmeg 









Marc of edible part (4%). . 

76.44 

1.36 

0.18 17.40 



2.13 1.49 

Juice of edible part, (46.3%) 90.53 

0.50 


8.4P 



0.00 0.56 

Interior juice (5 .4%) . . . . 

92.61 

0.91 


5.47^ 



0,00 1.01 

Rind (40.5%) 

91.15 

0.62 

0,50 

6.17 



0.880.68 

Bersch: 









Persikaner 









Edible part (49%) 

95.90 

0.48 

0.08 

2.84 

2.70 


0,35 0.35 

Whole fruit 

93.87 

1.27 

0.81 

2.12 

1.85 


1.32 0.61 

Zucker 









Edible part (46.5%) 

95.15 

0.65 

0.08 

3.45 

3.43 


0.33 0.34 

Whole fruit. 

92.85 

1.60 

0.48 

3.52 

2.60 


1.06 0.49 

P. and del B. : 









Meldn 

Edible part (75%). . .. 
Meldn espagnol 

94.8 

0.24 



2.39 

0.37 


0.52 

Edible part (77%) 

96.0 

0.80 



1.24 

0.60 


0.50 

Youngken: 









Cassaba 









Edible part (50%) 

89.05 

1.21 

0.00 

,40 

1.87 

l0.84f 0.54 

0.80 

Honey-dew 









Edible part (46%) 

90.52 

0.51 

0,00 

.09 

2.05 

1 .S9t|0.36 

0.52 


* Includes fat. f Calculated from increase in reducing power after inversion. 

variety (Turlock) at different stages of development daring 1916 
follows: 



Solids 

Sucrose 

Min. 

Max. 

Aver. 

Min. 

Max . 

Aver. 


% 

% 

% 

% 

% 

% 

Field ripe 

10.0 

13.1 

11.6 

2.96 

6.37 

4.94 

Full slip* 

10.5 

13.3 

11.9 

3.77 

6.47 

6.35 

Half slip* 

10.2 

13.5 

11.9 

3.02 

7.20 

6.10 

Immature 

7.1 

11.4 

9.6 

1.21 

4.47 

2.64 


These designations refer to the degree of separation from stem. 



456 


VEGETABLES 


The readings on the irameTsioii lefractometer and on the Brix 
spindle, also the percentages of sucrose, obtained on the juice of the 
Turlock cantaloupe of different degrees of marketability during 1920 
are summarized below: 



Befraction 


Brix 



Sucrose 


Miu. 

Max. 

Aver. 

Min. 

Max. 

Aver. 

1 

Min- 

Max. 

Aver. 

High quality 

50.9 

69.4 

60.5 

9.0 

13.5 

11.6 

% 

4.48 

% 

7.78 

% 

6.12 

Satisfactory .... 

46.2 

67.2 

67.8 

8.0 

12.8 

11.0 

3.25 

7.51 

6.39 

Doubtful 

40.8 

56.8 

49.9 

7.1 

10.7 

9.1 

1.99 

4.46 

3.65 

Unmarketable.. . 

34.6 

55.4 

45.0 

5.1 

10.9 

7.7 

0.30 

3.80 

1.77 


The authors found that the seeds of melons of proper ripeness 
contain less than 0.5 per cent of starch, which diminished during storage. 
They further state that the melons gain in flavor but not in sweetness 
after picking, although during storage and shipment at low tempera- 
tures the change is slight. After softening at ordinary temperature 
there is a slight loss of sucrose. 

Rosa,^ in experiments with cantaloupes, honey-dews, and cassabas, 
notes, in addition to the progressive increase in the percentages of solids 
and total sugar during ripening, a decrease in the percentage of invert 
sugar due to respiration and conversion into sucrose and an increase 
in the percentage of sucrose more than offsetting the loss of invert 
sugar. Protopectin decreases owing to the disintegration of the middle 
lamella, while pectin remains nearly constant. In melons picked while 
immature, invert sugar changes progressively to sucrose during storage 
at ordinary temperatures, but there is little increase in total sugar and 
finally an actual loss due to respiration. The fruit becomes soft and 
mellow but does not attain the sweetness and flavor of the fruit that is 
picked when mature. Ethylene gas hastens the change from invert 
sugar to sucrose and the softening of the tissues but does not increase 
the content of sugar. 

Proteins. — From the dry defatted seeds of the muskmelon Jones 
and Gersdorff^ extracted with 2 per cent salt solution at 60° C. a 
glohulin which on cooling separated as octahedral crystals. By extrac- 
tion with 0.5 per cent sodium hydroxide solution they isolated a glutelin. 
The yield of the two proteins was 28.21 and 5.78 per cent respectively. 


^ Hilgardia 1928, 3, 421. 
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Ultimate Com'position . — The above-named authors give the following 
results : 



Globulin 

Glutelin 

Carbon 

% 

S2.65 

% 

55.20 

7.02 

Hydrogen 

6.67 

Nitrogen 

18.41 

16. 2S 

Sulphur 

1.13 

0-90 

Oxygen 

21.14 

20.60 


100.00 

100.00 


Amino Adds of Muskmelon Froimns , — ^The following results are 
partly by "Van Slyke^s method as given in Jones and Gersdorff’s first 
paper ^ and partly from a later paper ^ giving revised figures for cystine 
and tryptophane ; 



Globulin 

Glutelin 


% 

% 

Cystine 

1.30 

1.11 

Tryptophane.. . . 

2.77 

3.17 

Arginine 

16.26 

12.42 

Lysine 

3.29 

4.59 

Histidine 

4.22 

2.72 


Fatty Oil of Seed. — The Physical and Chemical Valnes of cold- 
pressed oil from the seeds of the cantaloupe (muskmelon) , as determined 
by Baughman, Brauns, and Jamieson, ^ are specific gravity 25°/25° 
0.9210; refractive index at 20° C. 1.4725 (at 25° G 1.4707); saponifi- 
cation number 192.3; iodine number (Hanus) 125.0; Ecichcrt-Meissl 
number 0.33; Polenske number 0.26; acetyl number 15.S; acid number 
0.43; soluble acids, calculated as butyric, 0.4 per cent; insoluble acids 
94 per cent; unsaturated acids, determined 79.2 per cent (iodine number 
151.8), corrected 80.2 per cent; saturated acids, determined 15.3 per 
cent (iodine number 10.0), corrected 14.3 per cent; and unsaponifiable 
matter 1.1 per cent. 

1 J. Biol Chem. 1923, 66, 79. 
nbid. 1924 , 62, 183- 
3 J. Am. Chem. Soc. 1920, 42, 2398. 
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The Composition, as calculated by the abo've-nained authors, is as 
follows : 


Glycerides of : 

% 

Stearic acid 

4.5 

Palmitic acid 

10.2 

Myristic acid 

o.s 

Oleic acid 

27.2 

linolic acid 

56.6 

Unsaponifiable matter 

1.1 

99.9 


Phosphorus-Organic Compounds, Fkjtin . — Eagaoisan ^ reports 1.55 
per cent, dry basis. 

Enzymes. — Hou and Chen ^ call attention to an ereptase-like enzyme 
in the fruit flesh. 

Miaor Mineral Constituents. Iron. — Cantaloupe 5.1 mg. per kilo, fresh basis 
(Peterson and Elvehjem).* 

Altiminum. — Cantaloupe 7.7 mg, per kilo, fresh basis (Underhill, Peterman, 
Gross, and Krause).^ 

Copper . — Cantaloupe 0.6, Honey-dew melon 0.7 mg. per kilo, fresh basis (Lindow, 
Elvehjem, and Peterson).*^ 

Zinc. — Edible portion 0-9 mg. per kilo, fresh basis (Bertrand and Benzon).® 


WATEEMELON 

Ciirullus vulgaris Schrad. 

Fr. Melon d’eau. Sp. Zandia. It. Cocomero. Ger. Wasserinelone. 

Explorers state that in central and southern Africa the watermelon 
is an important food of man and larger mammals. There are bitter 
and sweet natural varieties, the latter having been much improved by 
cultivation. 

The citron melon is a variety with hard flesh, the rind of which like 
that of the true watermelon is used for preserves . 

MACROSCOPIC STRUCTURE. — The small flowers with five-lobe d 
corolla characterize t his species as well as the cucumber and muskmelon. 

1 Philippine Agv. 1932, 21, 53. ^ Am. J. Physiol. 1929, 90, 72. 

2 Chinese J. Physiol. 1927, 1, 33- U. Biol. Chem. 1 929, 82 , 465. 

® J. Biol. Chena. 1928, 78 , 215. ® Bui. soc. hyg. aliment. 1928, 16, ■ 
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Unlike, the muskmelon the fruit is solid. In form it is usually large, 
elongated, with a smooth green or green and white mottled outer 
surface. The outer rind is hard and white, inedible raw but useful 
for preserves, passing into the central edible portion which is crisp 
and juicy, of a red, pink, or yellow color. Embedded in the edible 
flesh are the white, brown, black, or mottled, lustrous or slightly 
roughened, marginless, flat, rather thick seeds. 

MICROSCOPIC STRUCTITRE. Pericarp (Figs. 148 and 149).— 

Jointed hairs occur on the ovary 
but disappear soon after fertiliza- 
tion, leaving only the scars on the 
mature fruit. The layers are (1) 
ej)icar'p (epi) of cells up t o 35 ju high, 
often broader than high, with 
thickened outer and radial walls, 
and thin- walled stomata {sio)^ (2) 




Fig. 148. Fig. 149. 

Fig. 148. — Watermelon. Outer pericarp in cross section, cpi epiearp with sto 
stomu; Jiy b 7 ]) 0 (l('rin; st stone cells of outer mesacarp witii parcnchyimi cells; 
mes iiiblcllo inesocaip. X 160. (K.B.AV.) 

Fig. 149. — Watermelon. Pericarp in surface vu'W. Epiearp with sU) stoma, hy 
hypoclerni. X 160. (K.13.tV.) 


hypoderm [hy), several cells thick, of small, rounded, porous cells eon- 
tain ing chlorophyl grains, (3) cuter inesocarp consisting of a zone of 
porous sclemu'hyina cells (s/), uiternipted by parenehynui (.r), passing 
into (4) middle ‘?n€socarp (mes) of larger porous cells, (5) iuuer tne.^acuri} 
of glistening, thiii-walled cells so large (often 1.25 inin. ) as to be visible 
to the naked eye, and (6) endocarp of small, thin-walled, elongated erils. 

Fibro-vci scalar bundleSj sieve tubes, and later iuhes are distributed 
througliout the inesocarp. 

Spermoderm (Fig. 150, ,S).— The tissues are (1) eider epiderni {ep) 
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of palisade cells up to 400 fx high, with a sclerenehymatized rod-like, 
pointed, occasionally forked thickening on each radial wall, a much- 
thickened cuticle (35 /z), and contents of the color of the seed; (2) 
suhepiderm (mb) of thick- walled, porous, sclerenchyma cells, varying 
from small isodiametric forms in the outer layers to large irregular, 



Fia. 150. — Watermelon. Seed in cross sec- 
tion. /S sperm oderin: ej) outer epiderm, stfj) 
subepiderm, scl sclerenclijma cells, outer 
anti p- inner parenchyma. N perisperm. E 
endosperm. C cotyledon: ep epiderm, al 
aleiirone grains. X 160. (K,B.W.) 


often radially elongated cells, 
and finally to small isodia- 
metric cells with walls so thick 
as nearly to obliterate the 
lumen; (3) sohrenchyma cells 
(scl) not markedly elongated 
in any direction; (4) scleren- 
chymatized, porous e'ponqypar- 
emhyma, (p^); (5) simple par- 
enchymd (p^) ; and (6) inner epi- 
derm of small, thin- walled cells. 

Perisperm (Pig. 150, F). 
—Of eucurbitaceous type. 

Endosperm (Fig. 150, E), 
— A single aleurone layer and a 
thin-walled tissue several cells 
thick. 

Cotyledons (Fig. 150, C). 
— Of usual type. 

Chiet' Stbuctxjeal Char- 
acters. — Fruit large, usually 
elongated, smooth, dark green 
or mottled, solid with white 
rind and red, pink, or yellow 
core. Seeds black, brown, or 
white, marginless, rather thick. 

Epicarp cells low with thick 
outer and radial walls; hypo- 
derm of several cell layers; 
outer mesocarp of porous 
sclerenchyma cells, interrupted 
by parenchyma; middle meso- 


carp of larger porous cells, 
inner mesocarp of huge (1.25 mm.) glistening cells. Spermoderm with 
thick cuticle; outer epiderm with single rod-like thickenings on radial 
walls; subepiderm a thick layer with sclerenchymatized walls; cells of 
sclerenchyma layer nearly isodiametric. See also table p. 431. 
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CHEMICAL COMPOSITIOIT. — Richardson^ and Nardini^ report 
separate analyses of the fruit, pulp, rind, and seeds. The pulp and 
juice together represent the edible portion, that is the part eaten out 
of hand, and not including the rind which is edible only after preserving 
and the seeds which like pumpkin seeds have sweet and nutritious 
kernels. Bersch ^ analyzed separately the whole fruit and the edible 
portion forming 60.4 per cent of the whole fruit. The inedible portion 
consisted of rind 35.2 and seeds etc. 4.4 per cent. Pratt and del Rosario ^ 
analyzed the edihle portion of the fruit containing edible part 51, rind 
45, and seeds 4 per cent. Incidental to the examination of the oil noted 
below, ^ analyses were made of the seed cake and calculated to the fat 
content of 7 per cent. Hondo and Hayashi,® in 5 samples representing 4 
varieties grown in Japan, separated the edible portion (50 to 78, aver, 
64 per cent of the whole fruit) and expressed the juice (89 to 97, aver. 
92 per cent of the edible portion). The juice was strained through a 
cloth but evidently contained some matter in suspension as shown by 
the results on crude fiber. See table next page. 

The soluble solids, as determined by Tucker,^ increase from without 
inward, being in the green tissues beneath the rind 4.1 to 6.8 per cent, 
in the outer red tissues 9 to 10 per cent, and in the tissues about the 
seeds and in the core 1 1 to 15 per cent. 

Changes in Composition During Ripening and Storage.—Rosa found 
that the same general changes take place in the watemielon as in the 
muskmelon (which see). See also Carbohydrates. 

Amino Acids. — Wada® found in watermelon juice, after successive 
removal of substances precipitated by lead siibacetate and by phos- 
photungstic acid after treatment with Neuberg’s reagent, an amino 
acid, citrulline, with the following formula : H 2 N-CONHCH 2 -CH 2 * 
CH2'CH(]S[H2)C00H. In a sealed tube it decomposes at 205 to 
206^^ C. 

Fatty Oil of Seed.—Power and Salway ^ examined the oil obtained 
from the seeds of American watermelons and studied other constit- 
uents of the seeds as noted below. A report on the characters of the 

^ XJ. S. Dept. Agr. Rep. 1883, p. 236. 

^Staz. sper. agr. ital. 1890, 18, 448. 

® bandw. 7ers--Stat- 1896, 46, 473. 

^ Philippine J. Sci. 1913, 8, A, 59. 

» Eul. Imp. Inst. 1925, 23, 149. 

® Mem. Col. Agr. Kyoto Imp. Univ. 1928, Mo. G, 55. 

7 Plant Physiol. 1934,9, 181. 

®Proc. Imp. Acad. Japan, 1930, 6, 15. 

» J. Am. Chem. Soc. 1910, 32, 360. 
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Composition op Watermelon and Its Paets 



Water 

Pro- 

tein 

Pat 

N-f. 

ext. 

Sugars, 

reduc- 

ing 

Su- 

crose 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

% 

% 

Hichardson : 









Pulp (6.8%) 

91.87 

0.89 

0.72 

5.64 



0.55 

0.33 

Juice (35.1%) 

93.05 

0.12 


6.63* 




0.20 

Rind (55.8%) 

89.97 

1.43 

0.36 

5,59 



1.41 

1.24 

Seeds (2. 2%) 

48.37 

8.01 

3.63 

26.16 



12.43 

1.34 

Nardini: 









Pulp (3.6%) 

89.65 

1.33 

0.02 

7.42 

0.87t 


1.32 

0.26 

Juice (63.1%) 

93.62 

0.21 

0.01 

5.99 

4.95t 

0.77 


0.17 

Rind (29.6%).. . .. 

92.00 

0.91 

0.30 

4.48 

0.95t 


1.65 

0.66 

Seeds (3.8%) 

49.63 

10.38 

12.43 

11.53 



14.68 

1.35 

Whole fruit 

91.35 

0.83 

0.56 

5.81 

3.91t 


1.09 

0.36 

BerscL: 









Edible part (60.4%) 

93.69 

0.61 

0.07 

1.07 

4.21 


0.12 

0.23 

Whole fruit 

93.44 

0.90 

0.45 

1.43 

2,45 


1,01 

0.32 

P. and del E.: 









Edible part (51%).. 

91.30 

0.60 



5.73 

1.25 


0.18§ 

Bui. Imp. Inst. : 

Seed cake 









Min 

8.6 1 

28.2 

7.0 

8.3 



12.2 

3.9 

Max 

10.1 1 

58.8 

7.0 

14.3 



39.2 

4.9 

K.and H.: 

Juicel 1 









Min 

88.87 

0.22 

0.021f 


3,92 

0.54 

0.0711 

0.24 

Max 

93.43 

0.56 

0.0611 


5,36 

3.76 

0,0811 

0.34 

Aver i 

91.80 

0.44 

0.041f 


4.50 

2.71 

0.07 If 

0.29 


* Includes fat and fiber, t Invert sugar. J Acid as citric 0.00%. § Alkalinity 17 cc. iV/10 

acid per 100 grams pulp. || Pure protein 0.04 to 0.08, aver. 0 . 07 %; acidity G.75 to 14,75, aver. 
10.50 ce. A/iO alkali per lOO cc. juice; pH 4.91) to 5.89, aver. 6 . 08 , If 3 samples. 


Yalues op Wateemelon Seed Oil 



p 

15VI5°C. 

Ref. 
index 
40° C. 

Sapon, 

No. 

Iodine 

No. 

Fatty 

acids, 

titer 

Add 

No. 






C. 


Power and Salway . 
Bui. Imp. Inst. 

1 . 9266 


191.8 

121.1 


3 9 

M in 

1.9218 

1.4645 

190.1 

113. 1 

29.2 

1,3 

Max., 

1.9236 

1.4670 

195.1 

124.3 

35.3 

17,8 



WATERMELON 


463 


oil from Kordofan Province appeared in 1916 ^ and later a more com- 
plete report on the oil from seeds grown in various parts of Africa.- 
The Composition, aside from nnsaponifiable matter, as estimated by 
Power and Sal way is : 


Glycerides of: 

% 

Palmitic and stearic acids. . . 

30 

Oleic acid 1 

25 

Linolic acid 

45 


Phytosterol . — A small amount of a phytosterol with the formula 
C 20 H 34 O and the melting point 163 to 164° C. was isolated by Power 
and Salway. 

Resin. — A new alcohol, cucurlitol, having the formula C 24 H 40 O 4 and 
melting at 260° C., was isolated by Power and Salway^ from the resin 
separated from watermelon-seed cake. A relationship of this alcohol 
with grindelol from Grindelia cainporum and ipnrganol from jalap was 
indicated. 

Carbohydrates. — Several authors have noted the presence of both 
reducing sugars and sucrose in the ripe fruit. Wiley‘S found in the 
meat juice and rind juice respectively: reducing sugars 4.33 and 2.47 
per cent, sucrose 1.92 and 0.34 per cent. Sherwin and IMay ^ obtained 
the following figures for the juice: total solids, 12 samples, 7.76 to 
11.76 per cent, reducing sugars by copper reduetion, 14 samples, 4.31 
to 5.97 grams per 100 cc.; sucrose, 18 samples, by copper reduction 
2.01 and 0.89 grams per 100 cc., by polarization 0.72 to 1.64 per cent. 
The melons contained 41.2 to 51.5 per cent of juice, 7.1 to 12 per cent 
of pulp, and 41.4 to 50.9 per cent of rind. 

Ivanov, Alexandrova, and Kudryasheva*^ believe that sugars are 
formed daring ripening in the following order; dextrose, levulose, 
sucrose. When the levulose exceeds in amount the dextrose, sucrose 
begins to form and increases in amount to full ripeness. The amount 
of sucrose is a measure of quality and ripeness. 

In experiments by Ivondo and Hayashi " the base, middle, and end 

1 Bui. Imp. Inst. 14, 160. 

2 Ibid. 1925, 23, 149. 

3 Loc. cit. 

S. Dept- Afrr. Rep. 1886, p. 345. 

fi J. Ind. Eng. Chem. 1912, 4, 5S5. 

®Biocliem. Z. 1929, 212,267. 

^ Loc. cit. 
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contained respectively: reducing sugars 5.13, 5.30, and 6.27 per cent; 
sucrose 2.81, 3.19, and 1.52 per cent. Levulose was found to he the 
predominating sugar. 

Eniymes.— /Sucrose was detected by Kondo and Hayashi.^ 

Mineral Constitaents.— The percentages of the common ingredients 
in the ash of the whole fruit as determined by Payne ^ and in the ash 
of the juice as determined by Nardini^ and Kondo and Hayashi ^ 
appear in the following table : 


Composition of Watermeion Ash 



Ash 

K2O 

Na20 

CaO 

MgO 

FeaOs 

AI2OS 

P2O5 

SO3 

Si02 

Cl 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Fruit: 












Payne 

0.33 

61.18 

4.31 

5.64 

6.74 

0.48 


10.25 

4.41 

2.15 

4.94 

Juice: 












Nardini. . 

.... 

51.98 

5.75 

8.73 

2.42 

0.71 

1.75 

3.82 

17.31 

3.33 

4.03 

K. and H. 












Yamato* 

0.26 

54.15 

15.81 

2.25 

6.48 

0.26 

.... 

8.59 

10.07 

2.34 

0.59 

Kahot. . 

0.30 

51.03 

14.93 

2.20 

7.66 

0.42 

— 

12.49 

7.47 

2.17 

2.16 


^COjin crude ash 12.97%. f CO 2 in crude ash 9.04%. 


Minor Mineral Constituents, iron. — Fruit 2.3 mg. per kilo, fresh basis (Peterson 
and Elvehjem).® 

Aluminnm . — Fruit 0-28 mg. per kilo, fresh basis (Underhill, Peterman, Gross, 
and Krause.® 

Copper . — Seed coats, trace (Power and Salway).^ Fruit 0.7 mg. per kilo, fresh 
basis (Lindow, Elvehjem, and Peterson.)® 


CASSABANAWA 

Mcana odorifem Kaud. 

Curuba is another name for this fruit. It is a native of South 
America and is grown throughout tropical America both as an orna- 
mental and for food. 

MACROSCOPIC STRUCTURE. — A specimen of the fruit furnished 
by Professor Cowles of the University of Puerto Eico was slender 

^ Loc. cit. « J. Biol. Chem. 1928, 78, 215. 

2 Georgia Dept. Agr. 1896, Bui. 32, 29. ® Am. J. Physiol. 1929, 90, 72. 

3 Loc. cit. V Uoc. cit. 

* Loc. cit. 8 j gjQi Chem. 1929, 82, 465. 
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cylindrical, 70 cm. long, reddisli yellow, and fragrant. The seeds were 
flattened, 1.5 cm. long, gray-brown, with dark brown margins. 

IVIICROSCOPIC STRUCTXULE. Pericarp. — The tissues are (1) 
epicarp, coated with wax, of thick-walled palisade cells np to 55 p 
high, with bright yellow walls except about the stomata where the 
walls are thin and colorless; (2) hy'poderm of small rounded cells, con- 
taining large bright yellow ehromatophores, passing into (3) outer 
mesocarp of larger cells with mostly sclerench^miatized and porous, 
although not strongly thickened, walls; (4) middle mesocarp of still 
larger rounded parenchyma cells containing starch grains np to 27 p, 
occurring singly (rounded) or in small aggregates (truncated); (5) 
iuTier mesocarp not well dififerentiated; and (6) endocarp, often adhering 
to the seed, of delicate elongated cells. 

Fibro-Vdscular bundles, sieve tubes, and latex tubes are as in other 
cucurbits. 

Spermodenn. — Five tissues are present: (1) outer epiderm of thin- 
walled, often collapsed cells, up to 250 p high, with delicate rod-like‘ 
pointed thickenings; (2) svbepider'rri of sclerenchyma cells, about three 
cells thick, increasing in size inward, elongated and sinuous in surface 
view; (3) schrenchyma cells, more or less oral in cross section; (4) 
collapsed thin-walled parenchyma with no evidence of differentiation ; 
and (5) scarcely evident inner pdrenchyma. 

Perisperm, Endosperm, and Cotyledon are of the group type. 

Chief STKUcrxjEAL CHARA.C'TERS.—Pruit slender, cylindrical, reddish 
yellow, fragrant. Seed flattened, 1.5 cm. long, gray-hrown with brown 
margins. 

Epicarp of palisade cells, 55 p high, with bright yellow walls; hypo- 
derm with yellow ehromatophores; outer mesocarp sclerenchyniatized, 
porous; middle mesocarp containing starch grains (27 p). Outer 
epideim of spermodern thin-walled, often collapsed; subepidenn about 
three cells thick, sclerenchymatized. See also table p. 431. 

BALSAM PEAR 

Momordica Charuntia L. 

Fr. Pomme de merveille. Ger, Wundcrapfel. 

Jap. Tsuru-ieishi. Chin. Fii-qiia. 

American seedsmen catalog this plant as an ornamental, l)iit in 
China and Japan, as well as in the Chinese Quarters of American cities, 
the immature fruit is sold as a vegetable and the seed masses of the 
ripe fruit as a condiment. It is a native of tropical Asia and Africa. 
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The English eqiiivdent of the Chinese name Ic~kwa is bitter squash/’ 
Further details are given by L. H. Bailey.^ 

MACROSCOPIC STRUCTURE.— At the edible immature stage the 
fruit (Fig. 151) is green, elongated, with longitudinal furrows and warts. 
At maturity it is yellow, splitting into three divisions, thus exposing 
the nunaerous seeds enclosed in bright red tissues stated to be edible 
aril, although examination of the green seed shows no adjoining tissues 
other than those of the inner pericarp. The case appears to be analogous 
to that of the pumpkin, the seeds of which at maturity have adhering 
endoearp. The ripe seeds, according to M. Kondo,^ are brown, up to 1.5 
cm. long, flattened, with scalloped edge and curious 
markings on the flat side. 

MICROSCOPIC STRUCTURE. Pericarp.— The 
fruit at the edible stage shows the following details of 
structure: (1) of iso diametric, thin-walled cells 

with striated cuticle, stomata, and occasional small 
capitate hairs; (2) hy'poderm, many cells thick, of 
rounded chlorophyl parenchyma; (3) outer and (4) 
middle mesocarp of spongy, often stellate, parenchyma; 
(5) inner mesocarp of small, rounded cells containing 
numerous monoclinic crystals; and (6) endoearp) of 
polygonal cells and stomata. 

Spexmoderm.— In the green vegetable there is no 
marked differentiation of seed tissues. Kondo found 
__ four layers in the mature seed: (1) outer epiderm of 
Lm Telr. Ini- palisade cells up to 60 p with thick cuticle — no thick- 
mature fruit, cniag on radial walls mentioned; (2) suhepiderm of 
X (A.L.W.) small, isodiametric cells, three to four cells thick; (3) 
sderefichyma layer, several cells thick, of large, thick- 
walled, elongated cells; and (4) parenchyma layer, the outer cells spongy 
with small starch grains. 

Perispenn, Endosperm, and Cotyledon are of usual type. 

Chief Structural CHARAcrnns. — Fruit elongated, warty. Seeds 
flattened with scalloped edges and curious markings. 

Crystals in innner mesocarp. At edible stage little differentiation 
in seed tissues. See also table p. 431. 

CHEMICAL COMPOSITION. — Single analyses by Blasdale,*^ by 
Agcaoili,^ and by Chung and Ripperton-^ follow: 

1 Cornell Agr. Exp. Sta. 1894, Bui. 6T, 193. 

‘ Ber. Ohara Inst, lanclw. For.'^ch. 1918, 1, 309. 

^ U. S. Dept. Agr., Off. Exp. Sta. 1899, Bill. 68. 

^ Philippine ,1. Sci. 1916, 11, 91. 

Hawaii Agr. Exp. Sta. 1929, Bui. 60. 
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Composition- of Balsam Pear 



Water 

Pro- 

tein 

Fat 

NT-f. 

ext. 

Sugars, 

reducing 

Sucrose 

Sturch 

Fil)er 

i 

Ash 

Blasdale. . 
Agcaoili . . 
C. and R.. 

% 

93.61 

92.73 

89.20 

% 

1.18* 

1.26 

1.49 

% 

0.20 

0.03 

0.12 

% 

3.60 

S.18 

5.71 

% 

0.60 

% 

0,06 1 

% 

0.67 

% 

1 .07 : 
0.12 
1.08 

/C 

0.34 

0.68 

1.80 


* Pure protein 0.79%. 


Fatty Oil of Seed. — No data are ayailable an the oil from t he seeds 
of M. charantia but figures are giyen by Corfield and Caird ^ far the oil 
expressed from the seeds of M. cochinckinensis which in several respects 
are radically different from those of other cucurbitaceous oils. The 
iodine number reported is only 23.4, while the refractive index (1.496 
at 40"^ C.) and the melting point (28 to 32° C.) are high. 

Phosphorus-Organic Compounds. Fhytin, — Bagaoisan ^ found 7.65 
per cent, dry basis. 

Colors.— "Duggar ^ states that on ripening the red arils of Moimrdica 
follow the behavior of the tomato (which see), the chief pigment being 
lycopersicin [lycopene). 

Mineral Constituents.— Chung and Ripperton'^ report: calcium 
0.022, phosphorus 0.107, and iron 0.0024 per cent; alkalinity of ash 
(cc. normal acid per 100 grams of fresh vegetable) 22.9. 

DISH-CLOTH GOURD 

hufa spp. 

Fr. Eponge Ger. Liiffaschwaimn, 

Species of the genus Luffa are known collectively as dish-cloth 
gourds or vegetable sponges because the dry fibrous interior of the 
mature fniit, after treatmeut, is used for washing aud scrubbing. 
L. H. Bailey •' states that two species (L. andangula Eoxbg., Chinese 
sing-hwa, anci L. cylindrica Roeni. = Momordica cylindrica I., Chinese 
sua-hwd) are cultivated as garden vegetables throughout tlie tropics, 

‘ Pbarm. J. 1920, 104, 43. 

2 Philippine Agr. 1932, 21, 53. 

Washington Univ. Studies 1913, 1, 22. 

^ hoc. cit. ^ . 

f Cornell Agr. Exp. Sta. 1894, BuL 67, 195; Stand. Cyclo. Hort., Acw 5 ork. 

1922 , p. 1921 . 
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China, and Japan to be cooked like squash, while still immature. The 
former species is commonly grown in Chinese gardens about ITew York, 
and the -vegetable is sold in New York Chinatown where the fresh 
material examined was obtained. Mature seeds of only L. cylmdrica, 
were obtainable, 

MACROSCOPIC STRUCTURE. — The jruit is green, elongated, 
pear-shaped, and curved, resembling a crookneck squash, the species 
differing chiefly in the presence (L. muiangula) or absence (L. cylindrica) 
of ten prominent longitudinal ridges (Fig. 152). The seeds of both 
species are flattened, up to 12 mm. long, rather thick, and commonly 
black. 

MICROSCOPIC STRUCTURE. Pericarp. — A cross section of the 
immature fruit of L. acutangicla shows flve tissues: (1) epicarp of 
rounded, polygonal, thick-walled cells with striated 
cuticle, numerous stomata, and two kinds of scat- 
tered hairs; (2) kypoderm, a few cells thick, of 
small rounded cells containing chlorophyl grains; 
(3) outer mesocarp of groups of rounded paren- 
chyma cells alternating with groups of porous, 
sclerenchyma cells; (4) inner mesocarp of thin- 
walled, loose tissue with latex tubes, isolated sieve 
tubes, and very numerous large fihro-vascular 
bundles; and (5) endocarp of thin-walled, elon- 
gated cells often side by side in groups. 

Both kinds of hairs are small and multi- 
cellular; one is jointed and striated, the other 
Fig. 152.~-Dish-CIoth ^ multicehular head on a scarcely evident 
Gourd. Iminature stalk- 

fruit. X Vi. (A.L.W.) The fibro-vascnlar bundles consist largely of 
stropg fibers with only a few small vessels. 

Spermoderm.— At the edible stage only thin-walled, characterless 
tissues are present. Mature seeds of L. cylindrica (Fig. 153, show 
four layers: (1) eutev epiderm {ep) of palisade cells of uneven height 
(30 to 60 n) with a single rod-like thickening on each radial wall joined 
to both outer and inner walls, and dark contents; (2) suhepiderm {sub) 
of one to five layers of reticulated or porous thin-walled cells and a 
single layer of small tangentially elongated, thick-walled cells* (3) 
sdemichyma cells (scl), radially elongated to 235 with narrow lumen 
and branched outer and inner walls; and (4) thin-walled, stellate, 
spongy parenchyma {p). 

A tangential section of the outer cells of the suhepiderm sho-ffs peculiar 
looping of the radial walls, each loop being closed. 
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Perisperm (Fig. 153, N), Endospeim (JE), and Cotyledon (C) lack 

distinctive features. 

Chief Structural Char- 
acter s, — Pruit green, crook- 
necked, with or without ribs- 
Seeds flattened, black. 

At immature edible stage 
epicarp with hairs, seeds charac- 
terless. See also table p. 431. 

CHEMICAL COMPOSI- 
TION". — The fruit of L.acutan- 
gula has been analyzed by 
Blasdale^ and hy Chung and 
Itipperton^ and the fruit of L. 
cylindrica by Blasdale,^ by Agca- 
oili,^ and by Sherman and 
Wang.^ Blasdale’s samples came 
from the Chinese Quarters of San 
Trancisco, Chung and Ripper- 
ton’s from Hawaii, and Sherman 
and Wang’s from Peiping. See- 
gua is given as the Chinese 
name of the Hawaiian sample on 
the authority of Prof. Shao Chang 
Lee of the University of Hawaii, 
and hechimn as the Japanese name 
on the authority of G. Kawahara, 
seedsman. See page 470. 

Fatty Oil of Seed. —Hooper® 
gives the following figures for 
the slowly drying oil from the 
seeds of X. se^gy plica grown in 
India: specific gravity at 15° C. 

0.921 to 0.926, saponification 
number 193.0 to 195.8, Reichert- 
Meissl number 0.49 to 0.52, fatty 



-j; 


Fig. 153. — Dish-Cloth Gourd. Seed in 
cross section. S spermoderin : ep outer 
epiderm, sub subepiderin, scl scler- 
enchynia cells, p stellate parendiynia. 
A perisperm. E endosperm. C cotyle- 
don: ep epiderm, al aleiirone grains. 

X160. (KB.¥.) 


acids 93.5 

number 33.0 to 36.4, fatty acids, titer 34 to 35® 


to 94.2 
C. 


per cent, acid 


lU. S. Dept. Agr., Off. Exp. Sta. 1899, Bui. 68. 
2 Hawaii Agr. Exp. Sta. 1929, Bui. 60. 

® Philippine J. Sci. 1916, 11, 91. 

4 Ibid. 1929, 38, A, 69. 
c J. So0. Chem. Ind. 1908, 27, 906. 
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Composition of Dish-Cloth Gourd 



1 

Water 

Protein i 

Pat 

N-f. 

ext. 

Sugars, 

reducing 

Sucrose 

Starch 

Pi her 

Ash 


% 

% 

% 

% 

% 

% 

% 

% 

% 

L. amtatigula: 










Blasdale — 

94.90 

0.68* 

0.24 

3.03 

1.57 

0-10 

0.36 

0.72 

0.43 

C. and R. . . 

95.91 

0.77 

0.05 

2.22 




0.63 

0.42 

L. cyUndrica:. 










Blasdale. . . . 

94 .66 ^ 

0.51t 

0.19 

3.77 

2.15 

0.12 

1.04 

0.46 

0.41 

Agaoili 

94.58 

0.63 

0.13 

4.25 




0,13 

0.28 

S. and W... 

93.16 

1.35 

0.15 

3.98 




0.66 

0.70 


* Pure protein 0.54%- t Pure protein 0.38%. 


On the oil of L. acutangula, Kesava-Menon ^ obtained the following 
values: refractive index at 25° C. 1.4741, saponification number 229.2, 
and iodine number 40.1, none of which figures is in accord with others 
given herewith or with those usually reported for common cucurbi- 
taceous oils. 

Ivanov and Troitzkii ^ report the following results for the seeds of 
L. acutangula and L. cyUndrica grown in Russia and the oil obtained 
therefrom: shell 53.4 and 48.8 per cent, kernel 46.6 and 51.2 per cent, 
oil in kernel 40.30 and 42.51 per cent, iodine number 114.8 and 113.4, 
and acid number 7.92 and 7.36. 

Phosphoms-Orgmic Compounds. Phyiin. — In the fruit of L. 
acidaTigula and L. cylindrical Bagaoisan^ found respectively 7.84 and 
4.66 per cent, dry basis. 

Mineral Constituents.—Chung and Ripperton in the sample of fruit 
of L. aeutmgula noted above found calcium 0,005 and phosphorus 0.020 
per cent. The alkalinity of the ash (cc. normal acid per 100 grams of 
fresh vegetable) was 3.8. 


WAX GOURD 

Benincasa hispida Cogn. = B. cerijera Savi, 

Jap. Togwa. Chin. Dung-kwa. 

This fruit is also known as white gourd melon, as Chinese preserving 
melon and, less appropriately since it is not eaten raw, as Chinese 

^ J. Soc. Chem. Ind. 1910, 29, 1428. 

2 Mask Zhir. Belo. 1928, No. 1, p. 30. 

^ Philippine Agr. 1932, 21, 53. 
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watermelon. In the Philippines the common name is condol. It is 
much used in the Orient both immature and fully ripe for preserving 
and is commonly sold in Chinese Quarters of American cities. Some 
American seedsmen catalog the seed. 

There appears to be confusion in the nomenclature, the seeds being 
of two types. The first is represented by one of two samples kindly 
furnished by Homer C. Skeels of the U. S. Department of Agriculture, 
Bureau of Plant Industry, and the seeds from the fruit bought in New 
York Chinatown as well as the seeds described by L. H. Bailey ^ and 
Fickel.^ To the second type belongs the second sample from Skeels, 
as well as a sample from the seedsmen J. M. Thorbum and Co., New 
York, both of which conform to the description of M. Hondo.^ 

MACROSCOPIC STRUCTXIRE.— The ripe/na7 
of the first type resembles a watermelon in out- 
ward appearance, being elongated, green mottled 
with white. It, however, has a wax coating. Inter- 
nally it differs from the watermelon in having white 
flesh throughout like the citron melon. When young 
the fruit (Tig. 154) is densely hairy, but the hairs 
largely disappear on ripening. The seeds of the first 
type mentioned above are thick, smooth, rounded, 
up to 13 mm. long, without sharp edge or mar- 
gin; those of the second type are flattened and 
margined. 

MICROSCOPIC STRUCTURE. Pericarp.— Ex- 
cept for the presence of the wax coating of the 
epicarp. the structure of the mature fruit is very 
similar to that of the common watermelon. On the 
immature fruit, however, there is a dense covering 
of hairs which are long (up to 0.5 cm.), jointed, 
pointed, stiff, and more or less warty. 

Spermoderm. — Seeds of the first type show four distinct tissues: 
(1) ovier epiderm of thin-walled cells with little if any radial elongation 
and without thickenings on the radial walls, (2) suhepidenn of thick- 
walled, porous sclerench3Tna cells, many cells thick, of various shapes, 
often tangentially elongated in the middle layers, (3) sderenchyma cells 
usually forming a double layer, and (4) compressed paretichyma, spongy 
in the outer part. 

The absence of radial elongation and of thickenings of the outer 

^Cornell Agr. Exp. Sta. 1894, Bui. 67, 191. 

2 Inaug. Dis., Bot. Ztg. 1876. 

3 Ber. Ohara Inst, landw, Forsch, 1898, 1, 298. 



Fig. 154. — Wax 
Gourd. Immature 
fruit. X 
(A.L.W.) 
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epiderm and the frequent presence of tangential walls dividing the cells 
are characteristic. 

In seeds of the second type the cells of the outer epiderm are radially 
elongated four to six times their breadth and have a slender rod on each 
radial wall the whole length of the ceU, sometimes branching at the end, 

Perisperm, Endosperm, and Cotyledon are of the usual type. 

Chief STEXJCTinaAL Chaeacters. — Eruit resembles common water- 
melon bnt with white flesh. 

Pericarp similar to watermelon in structure except for waxy coating 
of epicarp and the numerous hairs of the immature fruit. Outer epi- 
dermal cells of spermoderm of two types: (1) not radially elongated and 
without thickenings on radial walls, and (2) greatly elongated and with 
rod-like thickenings. See also table p. 431. 

CHEMICAL COMPOSITION'. — ^Blasdale ^ analyzed the fruit as 
found on sale in San Francisco. It is not stated whether the sample 
was green or ripe or whether the seeds were removed previous to analysis. 
Pratt and Del Eosario,^ Agcaoili,^ and Chnng and Bipperton ^ analyzed 
the edible portion, that is presumably the whole rind after removal of 
the seeds. Sherman and Wang® made a single analysis of the fruit 
from China. 

CoMiPOsiTioK OF Wax Goitid 



Water 

Protein 

Tat 

N-f. 

ext. 

Acids 

'as 

malie 

Sugars, 

reducing 

Su- 

crose 

Starch 

Fiber 

Asb 


% 

% 

% 

% 

% 

% 

% , 

% 

% 

% 

Blasdale 

96.24 

0.50 

0.16 

2.18 

.... 

0,90 

0.07 

0.31 

0,57 

0.35 

P, aad Del R. 

95.00* 

0.69 


.... 

0.07^ 

2.09 

0.54 

.... 


0.40t 

Agcaoili * 

C.andR. | 

95.90 

9.46 

0.17 

2.26 



.... 

— 

0.54 

0.37 

Immatiire. .1 

95.80 

0.47 

0.02 

2.69 



.... 

.... 

0.56 

0,45 

Mature — 

96.20 

0.40 

0.03 

2.24 


.... 



0.68 

0.45 

S. and W... 

96.53 

0.39 

0.03 

2.15 



— 


10.51 

0.39 


* Insoluble solids 2%. f Alkalinity 37 cc, V/10 acid per lOO grams pulp. 


An analysis of the fruit by Yoshimura and Iwata ® shows: water 
97.10, protein 0.57, pure protein 0.19, fat 0.09, fiber 0.51, ash 0.38, 
1 U. S. Dept. Agr., Off. Exp. Sta. 1899, BuL 68. 

2 Philippiiie J. Sci. 1913, 8, 59. 

* Ibid. 1916, 11, 91. 

* Hawaii Agr. Exp. Sta. 1929, Bui- 60. 

5 Philippine J. Sci. 1929, 38, 69. 

* J. Agr. Chem. Soc. Japan 1933, 9, 1235. 
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tota.1 nitrogen 0.092, protein nitrogen 0.031, ammonia nitrogen 0.002, 
nitrogen in phosphotnngstic acid precipitate 0.020, and nitrogen in 
other forms 0.039 per cent; adenine hydrochloride 3.3 and trigonelline 
hydrochloride 6.7 mg. per kilo. 

Mineral Constituents.— Chong and Ripperton ^ found in the edible 
portion of the immature and mature fruit of the wax gourd respecti-vely: 
calcium 0.911 and 0.015, phosphorus 0.025 and 0.021, and iron 0.0006 
and 0.0024 per cent. In both cases they give 5.30 as the alkalinity of 
the ash expressed in terms of cubic centimeters of normal acid per 100 
grams of fresh vegetable. 

CHA^YOTE 

SecMum eduh Swartz = Chayota edulis Jacq. 

Publications of Cook^ and Hoover ^ detail the history and char- 
acters of this plant. It is a native of tropical and sub-tropical America 
and has been cultivated since ancient times. The fruit and tubers were 
largely used in Mexico and Central America pre- 
vious to the Spanish Conquest and today are as 
important there as the potato is farther north. It 
has been introduced by the Office of Seed and 
Plant Introduction, Bureau of Plant Industry, into 
the warmer regions of the United States and should 
prove a valuable vegetable especially since the fruit 
has good flavor, transports well, and keeps in 
storage for several months. 

The vine is ornamental and also yields straw 
and fiber; the foliage is useful for forage, the young 
leaves and tips make good greens; the blanched 
shoots are a substitute for asparagus; the fruit is 
a Winter vegetable; the enormous (up to 2.5 kilos) 
tuber is a starchy food from which starch is pre- 
pared; and the ten nectaries make the flower valu- 
able in honey production. 

Through the many years of cultivation many varieties have been 
developed, the most desirable fmiit for the markets of the United States 
weighing 0.35 to 0.7 kilo, with smooth surface, light color, and niininuim 
of fiber. 

MACROSCOPIC STRUCTURE.— The fruit (Pig. 155) is green to 
white, roughly pear-shaped or round, smooth in the better grades, 

^ Log. cit. 

2 U. S- Dept. Agr., Div. Bot. 1901, Bui. 28. 

5 U. S. Dept. Agr., 1923, Dept. Cii. 2a6. 



Fig. 155. — Ctayote. 
Fruit showing sin- 
gle suspended seed 
with, large cotyle- 
don and minute 
radicle. X 1?4 . 
(A.L.W.) 
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grooved and sometimes spiny in the poorer varieties. Unlike the other 
cucurbits described in this work, the fruit has but one .seed which is 
suspended from the upper end of the cavity and entirely fills it. The 
seed is flattened and varies up to 5 cm. in length. Although the fruit 
stores well for several months, the seed without resting continues to 
grow and even before harvesting the cotyledons may protrude from the 
fruit without apparently impairing the flavor. The Indians pinch 
off the sprout before storing. As the spermoderm at no stage is 
hard, the seeds are not removed before cooking unless desired to eat 
separately. 

MICROSCOPIC STRUCTURE. Pericarp. — Four layers are present : 
(1) epicarp of polygonal cells, with somewhat thickened walls, numerous 
stomata, small capitate hairs, and emergences ; (2) hypoderm of groups 
of polygonal, porous, sclerenchyma cells surrounded by tangentially 
elongated, fiber-like cells running in various directions; (3) mesocarp 
of thin-walled rounded parenchyma cells, containing rounded starch 
grains up to 10 ju, fibro-vascular bundles with numerous broad reticulated, 
spiral, and annular vessels, large sieve tubes, and latex tubes; and (4) 
endocarp of small, thin-walled cells enclosing the seed. 

. The hairs, occurring mostly in the grooves, have four-celled heads 
and long jointed stalks. The emergmces^ with dry, stiff, sclerenchyma 
elements, vary in size and number with the variety. The fibers of the 
hypoderm vary greatly in number, being fewest in the better grades. 
The latex tubes are not so conspicuous as the large, very refractive 
isolated sieve tubes which are evident with low power. 

Spennoderm. — At the edible stage, only three layers are well differ- 
entiated: (1) outer epiderm of thin-walled cells, polygonal in surface 
view; (2) suhepiderm, about two cells thick, of small thin-walled cells; 
and (3) paremhyma forming a broad band with large loosely arranged 
cells in the middle portion containing starch grains, and numerous 
raphe bundles. 

The starch grains, up to 15 /x, are rounded, egg-shaped, or when in 
small aggregates truncated, with a distinct hilum but indistinct rings 
and polarization crosses. 

Perisperm and Endosperm are much reduced. 

The large Cotyledons consist of small cells filled with starch grains 
like those of the spermoderm but smaller. 

Chief Stbuctural. Characters.— Fruit greenish, smooth or spiny. 
Seed large, flattened, occurring singly (in other cucurbits described above 
seeds numerous). 

Epicarp with hairs, mesocarp with small starch grains. Spermoderm 
of thin-walled cells, middle parenchyma with starch grains (in other 
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cucurbits described herewith one or more speraioderm layers of thick- 
walled cells). Cotyledons large, packed with starch grains. 

CHEMICAL COMPOSITION. — One analysis each of the fruit from 
Japan, where it is known as hai/ato-uri, by Yoshiniura ^ and from the 
Philippines by Valenzuela and Wester^ follow: 


Composition of Chayotb 


i 

Watei 

Protein 

Pat 

N-f. ext. 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

Yoshimura.. 

95.97 

0.66 

0.05 

2.75 

0.29 

0.28 

V. and W... 

93.28 

0.64 

0.24 

5.25 

0.36 

0.23 


Of the total nitrogen of Yoshimura’s sample, 59.99 per cent was in 
the form of true protein. 

Nitrogenous Bases. — Prom 20 kilos there were isolated by Yosh- 
imura^ 0.7 gram of arginine as nitrate and 0.5 gram of guanidim. 
Traces of adenine and choline were present. 


^ J. Biockem. Japan 1922, 1, 347. 
2 Philippine J. Sci. 3930, 41, 85. 
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The edible portion of fruits in most cases consists of the succulent 
pericarp (fruit coat), including, in berries, the seeds. In certain cases 
other organs associated with the fniit proper, because of their physical 
and chemical characters, are edible. For example, in the ponies the 
pericarp is consolidated with the receptacle to form the fruit flesh; 
in the strawberry the receptacle and that only is juicy, the pericarp 
being dry and meager; in the pomegranate the outer seed coat is enor- 
mously developed and contains a luscious juice; in the litchi and longan 
only the aril is edible ; and in the cashew apple it is only the fleshy fruit 
stalk (pednnele) that is succulent and fruit-like. 

The succulent leaf stalk of the garden rhubarb and the stem of 
angelica, the latter best known in the candied form, are fruit-like but 
are placed in the vegetable group for morphological reasons. Tomatoes 
and melons are classed with vegetables because the plants are 
garden annuals closely related to species that permit of no other 
classification. 

Structure is further outlined in the introduction to Volume L 

Fruits are deficient in proteins and other nitrogenous substances, 
although the seeds may be rich in globulins. As a class they are suc- 
culent, saccharine, and acid. Some, such as the date, banana, and 
carob bean, are so saccharine as to mask any acid flavor, and others, 
such as the bilimbi and carambola, are so acid as to mask any sweetness. 
During ripening sucrose formed in the earlier stages tends to undergo 
inversion. The increase in sugars is commonly accompanied by a 
decrease in acids. Starch, which is more or less abundtint in the unripe 
fruit (e.g., banana, apple), is converted into sugars during ripening. 
Numerous fruits are rich in pectin and adapted for making jelly. Apple 
pomace and citrus albedo are sources of commercial pectin (see 
Introduction) . 

The avocado is an exception among common fruits in that the pulp 
is oily; the seeds of fruits, however, are more often oily than starchy. 
Latex occurs in the sapodilla and certain other tropical fruits. The 
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colors are chiefly anthocyanins, carotenoids, and flayones. The char- 
acteristic fruity flavor is due to ethers, aldehydes, alcohols, terpenes, 
or astringents, ox else a mixture of these. 

The fruit pulp, although acid, bums to an alkaline ash owing to the 
formation of carbonates from the acid salts. 



FRUITS OF THE PALM FAMILY 

{Palmacm) 

Two succuleat fruits ^ the date and the palm mit (a drupe), are 
classed with food products, the latter, however, being valuable chiefly 
because of the oil contained in both the pericarp and seed, is described 
in Volume I. 

Both the ivory nut and the date contain reserve material in the seed 
in the form of thickened cell walls. Tannin bodies (Inklmen) have been 
noted only in the date. The sago palm and its relatives produce starch 
in the 'Trunk,^^ and various species yield fibers and other technical 
products. 

BATE 

Phoenix doctylijera L. 

Fr. Datte. Sp. Datil. It.- Dattero. Gler. Dattel. 

Dates are the principal food of the Arabs and their camels. The 
date palm has been grown in the region extending from Persia through 
northern Africa to the Canary Islands since prehistoric times and has 
not lost in importance through the ages. Because of the efforts of 
specialists in the Department of Agriculture, date culture has become 
an established industry in Arizona and southern California. 

Among the requisites for the production of a remunerative crop are 
suitable varieties, careful pollination, a hot dry climate, and sufficient 
water at the roots. The proper conditions of intense heat above ground 
and moisture below are met in the oases of the Sahara where a tree may 
yield as many as 20 clusters and as much as 100 kilos of fruit. A moist 
atmosphere is fatal not only to production but also to the sun drying 
of the fruit. 

The varieties are usually grouped according to the nature of the 
fruit as (1) soft,’’ that is rich in saccharine juice, to which class belong 
the dates shipped to Europe and America, and (2) dry,” the fruits 
of which, being hard, non-sticky, and of good keeping properties, are 
preferred by the Arabs. A third rather indefinite class includes those 
with abundant juice but with such low sugar content as to permit 
spoilage during drying by the sun’s heat, thus necessitating coiisiimption 
while fresh. Although the soft varieties are best suited to prtxluce soft 
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dates and the dry varieties dry dates, under certain conditions varieties 
of either class produce fruit with characters approaching those of the 
other. All varieties are dioecious and are commonly propagated by 
root suckers rather than seed. One male tree suffices for pollination 
of an orchard of a hundred trees, provided nature is assisted in dis- 
tributing the pollen. 

Dates, free from the stem (rachis), are commonly packed by the 
Arabs in boxes or grass mats and by Americans in various modern 
containers. The celebrated deglet noor ” dates of the Saraha are 
often attractively packed on the stem, one or more stems to the box. 
The color of the dried date depends partly on the color of the fresh 
fruit, which may be red or yellow or intermediate, and partly on the 
care taken in harvesting and drying. 

Dates stuf ed with nuts and rolled in sugar are prepared on a com- 
mercial scale and in the household. Various other kinds of confections 
contain dates. 

MACROSCOPIC STRUCTURE. — The jiowm, whether male or 
female, are produced on numerous branchlets forming a cluster enclosed 
in a spathe. Both kinds of flowers are small and on the plan of three. 
Three inconspicuous sepals, three fleshy petals, and six stamens are 
present in the male flower. In the female flower there are three carpels 
but if fertilized only one matures. Strangely enough, if not fertilized 
all three develop, albeit imperfectly and without seeds. 

The fruit is a berry, not a drupe, although the bard stone which is 
the seed might be mistaken for endoearp. In extreme cases it reaches 
7 cm. or over in length, but commonly is about half that length. It 
is more or less elongated, yellow or red, lustrous, and commonly has 
the small cup-shaped perianth attached at the base. The true endoearp 
is a tough, whitish coat with a silky luster closely pressed to the stone 
but not united with it. 

A longitudinal groove runs along the ventral side of the seed (Fig. 
156, 1) while a round spot on the dorsal side marks the position of 
the minute embryo (II and III, Em) just beneath the surface. Except 
in the groove, the spermoderm (HI, S) is reduced to a mere skin. The 
perisperm is still thinner. By far the greater part of the seed is horny 
endosperm (III, E), similar to that of the coffee bean and the ivory nut. 

MICROSCOPIC STRUCTURE, — Braun ^ was the first to make a 
systematic study of the fruit tissues and describe the tannin bodies. 
Tichomirow^ notes the presence of the tannin bodies. Hanausek^ 

* -llg. oesterr. Apoth.-Ver. 1878, : 

2Bot. Zentralb. 1885, 21, 222. 

® Pharm. Post 1 910, 43, 1041 . 
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amplifies tlie work of tlie foregoing authors, dwelling on the tannin 
bodies (InMnsen) and the siliceous bodies accompany'ing the bundles. 

Moeller and other authors describe the structure of the seed (date 
stone), which has been used as a coffee sub- 
stitute and adulterant. 

Pericarp (Fig, 157, F; Fig. 158).— Eight 
layers or zones are differentiated: (1) eficav'p 
(e'pi) of polygonal cells and stomata {sto); 

(2) hypoderm (ky) also of polygonal cells, 
somewhat flattened in cross section, with 
brown contents ; (3) storu celh (st) forming a 
zone interrupted by parenchyma; (4) outer 
mesocarp (nes^) of medium-sized, for the 
most part rounded, isodiametric, parenchyma 
cells; (5) tannin cdls characterized by 
their large size and yellow-pink contents, 
forming a zone with smaller parenchyma 
cells; (6) middle mesocarp of parenchyma 
like that in the outer, accompanied by fibro- 
vascular bundles, forming the bulk of the 
fruit tissue; (7) inner mesocarp (mes^) of 
longitudinally elongated, somewhat spongy 
cells; and (8) endocary (end) of narrow, 
longitudinally elongated cells some of which 
are sclerenchymatized and porous. 

Tm 



n nr 



Fig. 156. 


Fig. 157. 


Fig. 156. — Date. Seed. I ventral side; II dorsal side. X 1. Ill cross section. 

S spernioderm; JE endosperm; Em embroyo in cavity. X 2. (K-B.W.) 

Fig. 157.— Date. Fruit and seed in cross section. F pericarp: cpi epicarp with 
sto stoma, hy hypoderm, st stone cells, mcs^ outer mesocarp. tan tannin cell, mes^ 
inner mesocarp, end endocarp. S spermodemi: aep outer epiderm, p parenchyma, 
iep inner epiderm. N perisperm. M endosperm. X 150. (K.B.1\ .) 


Many of the stone cells have walls thicker than the lumens. They 
are either isodiametric or radially elongated, the neighboring parenchyma 
cells often being elongated and radiating from them. 
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Of special interest are the tannin cells, so called because of the irregular 
bodies eontamed in them which, like the similar bodies of the carob 
bean, give the tannin reaction (green) with ferric chloride. Iodine in. 
potassium iodide colors them yellow-brown and safranin brilliant red. 
Eanausek adopts Tichomirow's term Jnklusen or Inkhsionen for the 
tannin bodies, neither of which words nor a translation seems suitable 
in English. The same author finds narrow elongated tannin cells in 
the inner mesocarp of green dates near or adjoining the endocarp, some 
of which, howewer, do not ha-ve homogeneous contents and others are 
empty. He also finds starch in the neighboring parenchyma. In dried 
dates examined by us, neither tannin celte nor starch were evident in 
this region. 



Pig. 158. — Date. Elements of pericarp in surface view, cpi epicarp with sto stoma; 
hy hypoderm; st stone cells; tan tannin cell; sp spiral and r reticulated vessels; 

mes^ spongy inner mesocarp; end endocaip. X 160. (KB.W.) 

Pig. 159. ^Date. Elements of seed in surface view. Spermoderm; aep outer 
epiderm, p parenchyma, iep inner epiderm. N perisperm. E endosperm. X 160 

(KB.W.) 


fihro-vascuhr bundles, according to Hanausek, are accompanied 
by cells containing rounded, sihceous bodies like those occurring in the 
stegmata of the cocoanut (which see) and in the epiderms of the bract 
and perianth of tlie pineapple (which see). 

Spermoderm (Fig. 157, 3) Fig. 159). — Three layers are present: (1) 
ouUr epidem (aep) of elongated cells, with thickened porous walls, 
transversely or irregularly arranged; (2) parenchyma (p), of trans- 
versely or diagonally elongated cells, some with brown contents, in loose 
contact like the tube cells of cereals; and (3) inner epiderm (iep) of 
longitudinally elongated cells with inner cuticle. 

Perisperm (Figs. 157 and Pig. 159, N ). — Somewhat transversely 
elongated cells about two thick form an indistinct layer. 
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Bndospcnn (Figs. 157 and 159, E ), — This tissue is a. striking example 
of reserve material in the thickened cell walls. Cross sections show tha fe 
the outer cells have a cuticle and are radially elongated with few pores, 
while those farther inward are isodiametric and strongly porous. Oil 
is conspicuous in the cells; starch is absent. 

Chief Strijc'turajl CsiUiAcrEEs. — Fruit an elongated, smooth, red 
or yellow, one-seeded berry. Seed hard, elongated, with groove on 
ventral side and spot marking position of minute embryo on dorsal side. 
Spermoderm thin; perisperm still thinner; endosperm bulky. 

Pericarp with stone cell zone and tannin cell zone; fihro-vascular 
bundles accompanied by cells containmg siliceous bodies; endocarp of 
elongated, often somewhat thickened cells. Spermoderm with outer 
epiderm of porous cells and middle layer of tube cells often with dark 
contents; endosperm with reserve material in thickened walls. 

CHEMICAL COMPOSITION. — ^Atwater and Bryant^ report 2 
analyses of the edible part of cured dates constituting 90 per cent of 
the whole product. 


CoMPOsiTioii OP Dat:es (Atwatbe akd Brtaut) 



Water 

Protein 

Fat 

N-f. ejct.* 

Ash 


% 

% 

% 

%> 

% 

Min 

9.9 

2.1 

0.6 

70.4 

1.1 

Max. 

20.8 

2.2 

5.1 

S6.3 

1.5 

Aver 

16.4 

2.1 

2.8 

78.4 

1.3 


* Includra fiber. 


Date Stones. — ^Analyses by Storer ^ of date stones and by Winton ^ 
of ground roasted date stones used as a substitute for coffee given below 


Composition’ op Date Stones 



Water 

Protein 

Fat 

N-f. ext. 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

Stones from light dates . . 

7.71 

5.16 

8.95 

63.06 

24.07 

1 .05 

Stones from dark dates . . 

10.83 

5.75 

8.05 

52.29 

22.06 

1.02 

Date-stone coffee | 

5.52 

6.69 

11.20 

59.00 

15.84 

1.75 


1 U. S. Dept. Agr., Off. Exp. Sta. 1906, Bui. 28 rev. 
* Bussey Inst. Bui. 1874/5, 1, 375. 

® Connecticut Agr. Exp. Sta. Eep. 1897, p. 16. 
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show over twice as much nitrogen-free extract as fiber, a considerable 
portion of which, probably represents cell-wall substance hydrolyzable 
by acid. The cell contents consist chiefly of protein and fat. 

Carbohydrates.— Results by Fabtah and Cruess ^ indicate that dates 
grown in Mesopotamia are higher in solids and total sugars than those 
grown in California. The variety deglet noor was always high in sucrose, 
even when ripe; other varieties contained considerable sucrose when 
green but this largely disappeared on ripening. Tannin also decreased 
during ripening, 

Sievers and Barger - state that sucrose is the principal sugar of 
deglet noor dates but that inversion, beginning before picking, causes 
the formation of as much as 20 to 25 per cent of invert sugar. Over- 
inversion makes the fruit too sticky, and moisture over 25 per cent or 
heating above 100® C. causes souring or other spoilage. 

Sorbitol. — Reif ^ found sorbitol, an alcohol derived from dextrose. 

Bilinor Mineral Constituents. Iron . — Dried dates 18 mg. per kilo, as sold 
(Bunge). ^ Dried dates 50.7 mg. per kilo, as sold {Peterson and Elvehjem).® 

Copper . — Dried dates 2.4 mg. per kUo, as sold, 3.0 mg. per kilo dry basis (Gueri- 
thault).® Dried dates 3.8 mg. per kilo, as sold (Lindow, Elvehjem, and Peterson.).’ 

Zinc . — Dried stoued dates 3.4 mg. per kilo, as sold (Bertrand and Benzon).® 

Arsenic . — Dried dates 0.12 mg. per kilo, as sold (Jadin and Astruc).® 

1 Plant Physiol. 1927, 2, 349. 

’ XJ. S. Dept. Agr. 1930, Tech. Bui. 193. 

® Z. Uuters. Lebeusm. 1934, 68, 179. 

^ Shermau; U. S. Dept. Agr., Off. Exp. Sta. 1907, Bui. 186. 

» J. Biol. Chem. 1928, 78, 215. 

«Compt. rend. 1920, 171, 196. 

’ J. Biol. Chem. 1929, 82, 465. 

®BuL soc.hyg. aliment. 1928, 16, 457. 

» Compt. rend. 1912, 166, 291. 



FRUITS OF THE PINEAPPLE FAMILY 

(Bromeliacese) 

Of the members of tMs family only the pineapple, yielding an acid, 
saccharine fruit, is of importance as a food. 

PINEAPPLE 

Amnas satiinisSchult.f. = AnanassasaHvaJAxid. == Bromelia Amnas h. 

Er. Ananas. Sp. Anana. It. Ananasso. Oer. Ananas. 

As regards habit of growth and morphology of the fruit, the pine- 
apple stands in a class by itself. The plant, a native of the Western 
Hemisphere, is herbaceous and the fruit is not only multiple and fleshj^ 
but bears a bunch of leaves at its extremity. In Florida the pineapple 
thrives on calcareous soil with only a thin layer of humus. It is produced 
in Hawaii in enormous quantities for local consumption and especially 
for canning. 

The cultivated varieties do not usually produce seeds but are per- 
petuated by planting the crowns, the slips that form just below the fruit, 
the suckers that form near the bottom, or the root buds (rat toons), 

Hume and Miller ^ divide the varieties cultivated in the United 
States into three groups : (1) Queen group, of which Golden is the type, 
fruit deep yellow, flesh 3 ^ellow, eyes sloping upward from sides; (2) 
Cayenne group, of which Smooth Cayenne is the type, flesh light yellow, 
eyes broad and fiat, not elongated at nipple; and (3) Spanish group, 
flesh white, eyes flat but elevated at comers of bracts. In most varieties 
the fruit is more or less ovoid, in the Abachi, however, it is narrow, long, 
and tapering, and in the Porto Rico broad and tapering. 

In addition to cored slices, the grated pulp from the trimmings is 
canned and the juice is sterilized in bottles. Glace pineapple is also 
prepared. Further details of the industry are given by Bailey and 
Bailey.^ 

MACROSCOPIC STRUCTURE.— The /oteers are in a dense upright 
spike. Each flower has an inferior, three-celled, many-ovulcd ovary on 
which are borne the perianth tube with its six lobes, the six stamens, 

^ Florida Agr. Exp. Sta. 1904, Bui. 70. 

2 Food Products from Afar, New York, 1922, p. 182. 
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and in the center the single style surmounted by three stigmas. Sub- 
tending each flower is a pointed bract. After flowering, the base of the 
bract, tbe perianth tube, the sides of the pericarp, and the rachis develop 
greatly in thickness forming a juicy consolidated tissue. 

The fruit is accordingly multiple and a S 3 nicarp, crowned with a 
bunch of stif , toothed leaves. On the surface, each component fruit 
berry '0 is characterized by its more or less hexagonal outline, the 
harsh perianth lobes closing over a chamber in which are the remains 
of the stamens, style, and stigmas, and the equally harsh upwardly 
directed bract with its toothed edges and tapering point. On mellowing, 
the green color changes usually to yellow, red, and brown, in various 
proportions. Each individual fruit may be tom away from its neighbor, 
although not through any well-defined separating tissues, as is often 
done in serving. Tangential sections show the locales of the fruits, 
each usually with minute undeveloped ovules. 

Hume and Miller describe the wild Honduras variety, of worthless 
quality, in which about three slightly rough, brown seeds, 5 mm. long, 
are developed to each eye. A few such seeds, enclosed in a thin aril, 
occur in canned pineapple from China, the pared fruit of which, being 
small (about 10 cm. long), is either packed whole, except for the core, 
or in large pieces (not slices) cut spirally to the locules, apparently to 
remove the seeds. The fruit of the Chinese variety, unlike the wild 
Honduras, is of dehcious quality. 

MICROSCOPIC STRUCTURE. — Winton describes the pineapple 
tissues in the second edition of Moeller’s Mikroskopie der Hahrungs- 
und Genussmittel (1905) and the two editions of Microscopy of Vegetable 
Foods (1905, 1916) with a single cut showing the raphides. 

Rachis. — The fleshy core or rachis differs in structure from the fruit 
flesh, made up of bract, perianth, and pericarp, chiefly in the greater 
number of fibre- vascular bundles and the greater number of bast fibers 
m each. 

Bract (Fig. 160) . — Five layers are present in the free end, except at 
the very tip and edges where there are fewer: (1) outer epiderm (aep^) 
of wavy-walled, more or less quadrilateral stegmata containing siliceous 
bodies, in irregular longitudinal rows, also curious scale-like hairs (0 
and, toward the tip, stomata; (2) hy'poderm of longitudinally elongated 
cells with porous walls, several thick; (3) mesophyl of parenchyma, in 
the lower part like that described below under fruit flesh; (4) elongated 
cells with porous, sclerenchymatized walls as in the hypoderm; and 
(5) inner epiderm {iep^) of stegmata similar to those of the outer epiderm 
but often transversely elongated and with larger siliceous bodies which 
occur most frequently at the tip and are absent at the base. 
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Perianth. (Figs. 160 and 161). — The portion free from the consolidated 
fruit flesh has the same general structure as that of the bract. In cross 
section of the fruit the stegmata {ste), in addition to the primary walls, 
are seen to have secondary thickenings of the inner and radial walls 
which extend about the sihceous contents, reducing the lumen to a mere 
line beneath the outer wall. The siliceous body is rounded with 
numerous minute warts. Similar stegmata occur on the fibers of the 
cocoanut. Cross sections also show the depressions in which occur the 
stomata {sto). The walls of the inner epiderm {tep^} are usually strongly 
zigzag and more striking than the merely wavy walls of the correspond- 
ing cells of the bract. Some of the cells at the tip contain siliceous bodies. 

Pericaip (Fig. 160). — Beginning with the free tip of the pericarp 



Pig. 160. — Pineapple. Elements of fruit in surface view. Bract: aep^ outer 
epiderm with stoma and t scale-like hair, inner epiderm. Perianth tube: 

outer epiderm with stoma and hair scar, hy'^ hypoderm, inner epiderm. 
Pericarp: epi epicarp, hy^ hypoderm, mes mesocarp with r raphides, f bast fibers, 
sy spiral vessels, scl sclerenchyma layer, end endocarp. X 160. (EJB.W.) 

within the chamber formed by the overarching perianth and extending 
inward, the layers number the same as, and are analogous to, those of 
the bract and perianth but the details of structure are different. The 
tissues are (1) epicarp (epi) of wavy-walled, more or less quadrilateral 
cells, often in irregular longitudinal rows, but not containing siliceous 
bodies and not accompanied by stomata or hairs ; (2) hypoderm (ky ^) , 
of isodiametric or transversely (not longitudinally) elongated cells, with 
walls more strongly thickened and porous than in the bract or perianth ; 
(3) mesocarp {mes) of rounded parenchyma cells, some of the larger 
containing raphides (r), and fibro- vascular bundles; (4) elongated 
sclerenchyma cells {scl) with thin but porous walls; and (5) endocarp 
(end), also of elongated cells, often crossing those of the adjoining layer, 
but with thin, non-porous walls. 
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As here used, the mesocarp includes the edible fruit flesh belonging 
not only to the pericarp but also to the bases of the bract and perianth 
but not to the fleshy rachis. Because of the raphides, the eating of 
raw pineapples often makes the mouth sore. Of the bundle elements, 
the hast Jibers (f) are the most abundant, enclosing the relatively few 
vascular elements. The spiral vessels reach 25 fjL and often have two 
spirals. It is the bast fibers that lodge between the teeth in eating pine- 
apples. 

Seeds found in Chinese canned pineapples have the following 
structure: 

Aril (Fig. 162, A ). — A thin, transparent colorless skin, two to four 
cells thick, forms the aril. Papillae with somewhat thickened yellow 



Fig. 161. Fig. 162. 


FiC. 161. — ^Pineapple. Outer perianth in cross section of the fruit, acp outer 
epiderm with sio stoma and ste stegmata; ky hypoderm; mes mesophyl with r 
raphides. X 160. (K.B.W.) 

Fig. 162,-^Pmeapple. Seed in cross section. A aril. S spcnnodorni: aep outer 
epiderm with cnt cuticle, p brown parenchyma, iep inner epiderm. N perisperm. 

E endosperm : al aleurone cells, am starch cells. X 160. (K.B.W.) 

outer walls arise from the outer epiderm and pores occur in some 
of the cells. The cells of the inner epiderm are transversely elon- 
gated. 

Spermoderm (Fig. 162, S). — The three layers, which vary somewhat 
beneath the wrinkles, are: (1) outer epiderm {aep) of narrow, longi- 
tudinally elongated, brown cells with thick white cuticle (cut) and thick 
walls; (2) middle layert' (p) of transversely elongated cells, one or more 
thick, with brown walls; and (3) inner epiderm {iep) of deep brown, 
transversely elongated cells with a cuticle. 

Perisperm (Fig. 162, N), — This forms an exceedingly thin layer of 
collapsed cells, separated readily as a skin and evident in cross section 
on treatment with Javelle water. 
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gives as a common ration for natives oa estates two pounds of banana 
meal and one-quarter pound of salt pork. Dreher ^ states that precedes 
have been perfected in Jamaica for preparing, from small unmarketable 
bunches, dried fully ripe bananas (“banana figs”), a breakfast food 
(“banana chips and banana meal. Banana starch is described in 
Volume I. 

MACROSCOPIC STRUCTURE. — ^Although herbaceous the banana 
flant is so large as to be popularly considered a tree. It grows to the 
height of 10 meters, has leaves up to 2.5 meters long on petioles about 
0.5 meter long at the top of a trunk-like stalk (consisting of leaf sheaths), 
and bears fruit when only one to two years old, after which new shoots 
from the roots take its place. 

The spike that grows out from among the bases of the petioles bears 
flowers in transverse rows, half encircling the rachis or flower stalk. 
The flowers are hermaphrodite, but those in the basal part of the spike 



Fig. 163. Fig. 164. 

Fig. 163. — Banana. Fruit m cross section showing bundles and locales with seeds. 

X 1. (K. B. W. 

Fig. 164.— Banana. Abortive seed in longitudinal section, showing attachment. 
Fu funiculus; R raphe; X chala2a; S spernioderm ; V perisperm; M mieropyle. 

X 25. (K.B.W.) 


have abortive male organs while those in the tip have abortive female 
organs. Those in the same row, forming in the fruit a hand, are sub- 
tended by a large and showy purple bract. The three-toothed calyx 
is at first tubular but later splits on one side; opposite this is a single 
entire or three-toothed petal. Of the six stamens one is abortive. The 
inferior ovary is three-celled with numerous ovules borne on axial 
placentae. 

On ripening, the fruit becomes elongated, angular, and red or yellow 
in color, with the scar of the deciduous perianth at the apex. Viewed 
in cross section (Fig. 163) the rind (1 to 4 or 5 nun.) is deep yellow 

1 U. S. Consular & Trade Rep. 1911, pp. 171 and 503. 
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and glossy, consisting of bundle groups almost in contact, decreasing 
in number but increasing in size inward. On stripping off the rind, 
longitudinal stripes, corresponding to the inner large spots of tlie cross 
section, are clearly visible and show their obvious bundle character. 
Numerous transverse-tangential branches of the main (longitudinal) 



bundles form transverse stripes 
visible on the surface after 
stripping and as minute spots 
in radial section. 

At the center of the flesh 
(edihle portion) the three nar- 
row, slit-like locules are seen in 
cross section to form irregular, 
inwardly bowed curves ar- 
ranged in a triangle. These 
contain black or dark abortive 
seeds borne on axial placentae. 
Fig. 164 is of an abortive seed 
in longitudinal section, magni- 
fled 25 diameters, showing the 
broad funiculus (Fu) from 
which the raphe bundle {E) 
proceeds, the spermoderm (S') 
with chalaza (X), the nu cellar 
tissue or perisperm (JV), and 
the micropyle (ikf). An embryo 
is entirely lacking. 

The axis of the fruit and 
the three partitions extending 
from it to the main fruit flesh 
are hroad and succulent. 

Fig. 165.— Banana. Fmifc in cross 
section, epi epicarp; mes^ outer 
mesocarp with starch grains and r 
raphides; mes^ middle mesocarp 
showing X transverse chains of 
starch cells through which the rind 
separates; below, inner mesocarp 
with radial chains of starch cells. 
hj bast fiber bundles; fv flbro- 
vascular bundles; ff tannin cells 
with ol oleoresin drops; am starch 

grains. X 55. (K.B.W.) 
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Separation tlrough the partitions may often be readily efiected by 
gently pulling apart the tissues. Longitudinal bundles run through 
the placental tissues with lateral branches to the seeds. 

MICROSCOPIC STRUCTURE. — Winton * describes the histology 
of the pericarp. Hanausek^ writes on the microscopic detection of 
banana meal. Earlier authors describe banana starch. The following 
description applies to the common yellow banana and the red Ha -nan a. 
sold in northern markets. 

Pericarp (Figs. 165 and 166).— The tissues may be divided, some- 
what arbitrarily, into six layers: (1) cpfcarp (epi) of isodiametric or 
somewhat tangentially elongated cells with thick outer walls and striated 
cuticle, also especially near the ends of the fruit, stomata; (2) hypoierm. 
Qiy) of porous-walled cells, increasing in size inward, some containing 



Pig. 166. — ^Banana. Elements in surface vie'w. Pericarp : epi epicarp with stoma, 
hy hypoderm with raphides, res hardened secretion in oleoresin. cell, bj bast 
fibers, sp spiral and ret reticulated vessels, ol drops of secretion in oleoresin 
cell, mes middle mesocarp cell with am starch grains, end endocarp. Spermoderm : 
aep outer epiderm, parenchyma with, two raphe vessels, ir cross cells. Peri- 
sperm: cr crystal cells, parenchyma. X 160. (K.B.W.) 

raphides (r) ; (3) outer mesocarp {rnes of rounded moderate-sized 

starch cells among wMch run in the outer part fiber bundles (h/) and, 
further inward, fibro-vascular bundles (/y), in both cases accompanied 
by oleoresin cells (gr, g ^) ; (4) middle mesocrap (mes\ mcs), forming 
the bulk of the fruit, of large rounded starch cells, fibro-vascular bundles, 
and oleoresin cells; (5) inner mesocarp of radially arranged chains of 
starch cells in loose contact, also fibrovascular bundles (fv) and oleoresin 

^ Moeller: Mikros. Nahr.-Oeiiussra., Berlin, 2. Anfi. 1905, p. 461 ; "Winton : Micros. 
Yeg. Foods, Kew York, 1st Ed. 1905, p- 393. 

2Z. Unters. Nahr.-Genussm. 1910, 20, 215. 
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cells ig) ; and (6) e7idomrp (end) of radinlly much elongated, thin-walled 
cells, polygonal in surface view. 

Between the medium-sized cells of the outer mesocarp and the large 
cells of the middle mesocarp forming the hulk of the tissues are several 
rows of small cells arranged in transverse chains in loose contact (Fig. 
165, x)j through which separation of the rind takes place. The yellow- 
ish gelatinous tissues of the hypoderm and about the main fiber and 
fibrovascular bundles of the outer mesocarp are starch-frce. Their 
appearance is due to turgescence. 

The starch grains (Fig. 166, am) are smallest in the outer mesocarp 
and increase in size inward until the maximum is soon reached. Among 
the forms of the large grains are sac-, sausage-, flask-, and sickle-shaped, 
also irregular forms with protuberances. They vary in length up to 
85 jit and down to 2 or 3 p and have distinct rings about the excentric 
hilum. The excen tricity varies from 1:6 to 1 : 10. Clefts through the 
hilum occasionally occur. During the ripening the starch is converted 
into sugars, the gradual disintegration and solution being evident under 
the microscope. 

Fig. 165 shows the course of the fibro-vasmlar bundles and Fig. 166 
the characters of the bundle elements. The bast fibers (Fig. 166, hf) 
are broad hut with relatively thin walls. Characteristic of the spiral 
{sp) and spirally reticulated (ret) vessels are their great width 
(up to lOO fj), the loosely wound thickenings, and the curious 
loops. 

The remarkable oleoresin cells (Figs. 165 and 166, g, g^, g^) are char- 
acterized by (1) their proximity to the bundles, often touching them, 
(2) their large size, (3) their arrangement in chains like the vittse of 
umbelliferous fruits, and (4) their contents which in the immature stage 
are in drops but on ripening become solid. This solid form [res) appears 
first in the cells of the rind, solid and liquid contents often being evident 
in the same specimen. Ferric chloride, or even the knife used in cutting 
the section, stains the contents a deep blue (not violet) color, showing 
the presence of tannin substances. The chief constituents, however, 
are water-insoluble substances including possibly the ethers, to which 
the banana owes its flavor, associated with essential oil and fatty oils. 
The hardening of the contents suggests resins. In the absence of more 
definite knowledge of the contents, the term oleoresin cells ” is used 
to show the relationship to the colls of other fruits that cont ain volatile 
oils and resins. 

Spermoderm (Pig. 166).— Three tissues of the abortive seed belong 
to the spermoderm: (1) outer epiderm (oey) of tliin-wallecl, longitudinally 
elongated cells; (2) parenchyma (p'), also of clongaicd cells, with spiral 
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obtained by Reich ^ on products of the variety Gros Michel. The same 
author analyzed products of other varieties including the finger banana. 


Composition of Dried Ptjlp and Peel of Gros Michel Banana (Reich) 



Water 

Solids, 

insol. 

Pro- 

tein 

Fat 

Acids 

as 

malic 

Sugars, 

reduc- 

ing 

Su- 

crose 

Starch 

Filxr 

Ash 

Unripe: 
I>ried pulp 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Min.. . . 

15.14 

75.56 

3.94 

0.67 

.... 

2.06 


71.74 

2.20 

2.84 

Max . . . 

15.40 

76.31 

4.34 

0.67 


2.34 


74.02 

2.40 

3.12 

Dried peel 
Pipe: 

Dried pulp 

6.60 

75.61 

5.69 

5.92 

0.92 

3.87 


40.28 

10.10 

11.43 

Min 

19.00 

7.50 

3.33 


0.98 

60.28 

1.21 

3.43 

1.65 

3.02 

Max. . . 

23.20 

7.90 

4.02 


0.98 

61.86 

2.62 

3.70 

1.65 

3.32 

Dried peel 

7.40 

52.18 

6.52 

8.24 

1.99 

20.03 


8.17 

12.66 

13.45 


Phosphorus-Organic Compounds, Phytin. — In the fruit of M, 
sapientum var. Lacatan, var. maveolem^ and var. grandn Bagaoisan^ 
reports respectively 5.11, 0.41, and 0.67 per cent, dry basis. 

Colors. — In experiments by Von LfOesecke,^ cklorophyl (a -}- h) 
ranged from 51.7 to 102.9 mg. per kilo of fresh peel in the unripe fruit, 
as discharged from the ship, and decreased to zero in four to five days. 
The yellow pigments, consisting of xanthopkyl and carotee, remained 
practically constant throughout ripening. In the fresh peel, the xantho- 
phyl ranged from 5.2 to 7.3 nag. per kilo, the carotene from 1.2 to 3.7 
mg. per kilo. 

Odorous Constituents. — It was early noted that the odor of the 
banana resembles that of amyl acetate. Kleber,^ by steam distillation, 
secured a quantity of a volatile oil which was split up into acetic acid 
and amyl alcohol, thus demonstrating that amyl acetate is an actual 
constituent. 

Enzymes. — E. M. Bailey ^ detected amylase, sucrcse, raffinase, 
protease, lipase, and peroaydase during ripening but obtained no positive 
tests for maltase, dextrinase, or lactase. 

^ Xoc. cit. 

2 Philippine Agr. 1932, 21 , S3. 

3 J. Am. Chem. Soc. 1929, 61, 2439. 

^ Am. Perfiuner 1913, 7, 235. 

fij. Am. Chem. Soc. 1912,34, 1706. 
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Nelson £iiid Hemperly ^ discoTered that banana pulp and expressed 
Juice contain an actiTator for yeast apozymase. Although not affected 
by boiling for a few minuteSj evaporation to dryness at pH 6.4 caused 
its destruction. The same authors also found phosphatase and car-. 
hoxyhse. 

Mineral Constituents.— The table below gives analyses by Heich ^ 
of the crude ash of the Gros Michel variety, the sum of the constituents 
determined, subtracted from 100, being chiefly carbon dioxide. Analy- 
ses by Kondo, Nakajima, and Suzuki ^ of the ash of Formosan bananas, 
calculated free of carbon dioxide, are also included. 


CdHPOSirioN* OF BaNj^na. Ash 


Beich 

XInripe: 

Med pulp I 
Dried peel. 
Eipe: 

Dried pulp.j 
Dried peel 
K, N.,aiidS. 
Fresh pulp. .. 
Freskpeel.. . 


KtO 


CaO 

MgO 

FC2O3 

MnaOi 

iPaOs 

SO3 

SiOs 

Cl 

52.20 

3.09 

1.15 

5.45 

0.49 

0.49 

5.52 

2.67 

2.19 

16.83 

54.15 

2.38 

l.SO 

2.49 



2.84 

3.86 

4.56 

14.08 

53.98 

2.88 

1.09 

5.00 

0.30 

0.36 

5.06 

3.33 

2.19 

14.40 

52.23 

2.72 

1.24 

2.17 



2.59 

4.52 

5.44 

14.60 

39.47 

27.18 

1.56 

12.12 

0.70 


9.60 

2.58 

L61 

3.19 

54.90 

14.80 

3.78 

3.86 

0.65 


3.50 

1.50 

5.63 

1.21 


Chace ^ reports partial analyses of the ash of the pulp of 3 varieties 
from Cuba: 



Ash in 
pulp 

K 2 O 

CaO 

MgO 

P2O5 

SO3 

Cl 


% 

% 

% 

% 

% 

% 

% 

IsTifio 

0.70 

46.46 

0.95 

0.42 

10.36 

2,36 

6.59 

Oronoco 

1.80 

52.41 

1.02 

1.90 

5.16 

3.32 

8.48 

Colorado 

0.83 

51.47 

0.37 

0.65 

3.25 

2.77 

7.63 


1 J. Amer. Chem. Soc. 1933, 65, 1102. 

* Loc. cit. 

® Loc. cit. 

* U. S. Dept. Agr., Bur. Chem. 1904, Bui. 87, 29. 
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Attention is directed to the lack of agreement of the results on soda 
and chlorine by the foregoing authors. Kdnig ^ gives an analysis of 
the ash of the ripe pulp showing K 2 O 52.64, Na20 2.76, CaO 1.17, 
MgO 5.36, Fe 203 0.39, Mn304 0.58, P2O5 6.12, SO3 3.45, Si02 2.33, 
and Cl 11.64 per cent. 

An ash analysis of the pulp of the Dwarf or Fiji banana (if. comnr 
deskii) by Doherty ^ in the main corresponds with analyses by Reich 
of the common banana but the percentages of soda (12-{>0) and phos- 
phoric acid (7.70) are higher and the percentage of chlorine (1.10) is 
lower. 

In 10 varieties of bananas Martinet ^ obtained total ash 0.74 to 1.27, 
CaO 0.004 to 0.021, MgO 0.031 to 0.210, ^€203 0.003 to 0.018, and 
P2O5 0.109 to 0.294 per cent. 

Minor Mineral Constituents. Iron. — ^Edible portion 8 mg. per kilo, fresh basis 
(Sherman).'^ Edible portion 17.6 mg. per kilo, fresh basis (Peterson and Evehjem).^ 
Edible portion, 2 samples, 3.5, 6.0, fresh basis (Toscani and Eeznikofi).* 

Alnmimm. — Edible portion 1 .4, skin 15 mg. per kilo, dry basis (Bertrand and 
Levy).’^ 

Co'pper . — Edible portion 2.2 mg. per kilo, fresh basis, 8.7 mg. per kilo, dry basis 
(Gndrithanlt).® Edible portion 2.1 mg. per kilo, fresh basis (lindow, Elvehjem, and 
Peterson).® 

Zinc. — Edible portion 2.8 mg. per kilo, fr^h basis (Bertrand and Benzon).^® 

Arsenic. — Edible portion 6.06 mg. per kilo, fresh basis (Jadin and Astruc.)^^ 

1 Chem. mensch. ISrahr.-Gennssm., Berlin, 1920, 2, 877, 

2 Chem. News 1892, 66, 187. 

» PhiHppine Agr. 1933, 21, 547. 

4 U. S. Dept. Agr., Off. Exp. Sta. 1907, Bnl. 186. 

5 J, Biol. Chem. 1928, 78, 215. 

5 J- Nutrition 1934, 7, 79. 

’’ Compt. rend. 1931, 192, 525, 

*Ibid. 1920,171,196. 

• J. Biol. Chem. 1929, 82, 465. 

Bui. soc. hyg. aliment. 1928, 16, 457. 

Compt. rend. 1912, 156, 291. 



FRUITS OF THE MULBERRY FAMILY 

(Moraceae) 

To THIS family belong the Rg, the mulbeiries, the jack fruity and the 
breadfruit, all moncecioxis or dioecious trees. 

COMPARATIYE MACROSCOPIC STRUCTURE.— The numerous 
small apetalous flowers and the fruits^ if such develop, are borne in 
dense spikes, except in the fig where they are on the inside of the 
receptacle. In none is the principal edible fruit tissue pericarp; in the 
fig it is receptacle, in the others perigone (calyx). The perigone of the 
mulberry consists of four lobes, of the jack fruit and breadfruit of tubes, 
more or less fleshy and consolidated. 

COMPARATIVE MICROSCOPIC STRUCTURE.— The outstanding 
histological character is the presence in the fleshy parts of latex tubes with 
conspicuous grains. Except in members of the same genus, neither the 
pericarp nor the spermoderm shows noteworthy analogies. A scleren- 
chymatous endocarp occurs in the fig and mulberry, but the form of 
the cells is quite different. An endosperm is well developed in the fig 
and mulberry, but is absent in the jack fruit and breadfruit. Starch 
occurs in the cotyledons of the jack fruit and breadfruit; it is absent 
in the cotyledons of the fig and mulberry. 

COMPARATIVE CHEMICAL COMPOSITION.— As regards the 
chief food constituent, there is a lack of uniformity; in the fig and 
mulberry it is mgor, in the jack fruit and breadfruit it is starch, although 
at full maturity much of the starch passes into sugar. None of the 
fruits has any considerable acidity. The seeds of both the jack fruit 
and the breadfruit are starchy. 


FIG 

Ficus Carica L. 

Fr. Figue. Sp. Higo. It. Fico. Ger. Feige. 

Since prehistoric times, the fig tree has grown wild in the Mediter- 
ranean region from Syria to the Canaries. Its early cultivation is 
attested by ancient art, history, and story. From its original home it 
was carried east first to India and then during the Middle Ages to China. 
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In colonial days the garden fig (var. hortensis) was introduced into sub- 
tropical America, and during the last half of the nineteenth century the 
Smyrna fig ('var. smyrniaca) and the wild fig or caprifig (var. sylvestris), 
together with the insect that effects cross fertilization, w^ere carried into 
California. 

One type of garden fig has practically only “ mule ’’ (sterile) flowers 
yet it develops two crops of good-sized fruit, although of course seedless, 
without insect aid. Other types produce, without caprification, only 
one crop, either the first or the second, the crop failing when a large 
number of unfertilized female flowers are present. 

In the inflorescence of the Smyrna fig the flowers are pistillate and 
require the pollen of the staminate flowers of the wild fig not only to 
ripen the nutty-fiavored seeds for which they are famous but also to 
bring about full development of the receptacle or fleshy part of the 
fruit. This pollination is effected by the fig wasp (Blast ophdga grossarum) 
that develops in a second kind of sterile flower gall ” flower) of the 
wild fig which, since this variety does not produce edible fruits, serves 
merely to harbor the insect. Since early times, wild figs have been hung 
on the trees of the Smyrna fig so that the insect as it emerges may find 
a ready field f or its activities, and it was not until this practice was copied 
in California that growing of figs of this type became successful. 

Further details on the history, culture, curing, and varieties are given 
by Eisen.^ 

Throughout the Mediterranean region and further east the fig, 
both fresh and dried or preserved, is an important article of diet. Being 
one of the cheapest fruits, it is used to adulterate preserves and jams. 
In the United States it is more of a luxury, being used in various con- 
fections, biscuits, and pastries, as well as dried, canned, and preserved. 
A substitute for coJffee is made from figs. 

MACROSCOPIC STRUCTURE.— Unlike those of the breadfruit and 
mulberry, the numerous minute /Zotrcrs are borne on the inside, instead 
of the outside, of a fleshy receptacle, and neither the perigone nor the 
pericarp contributes succulent tissues to the ripened fruit. The calyx 
lobes are small, pointed; the ovary is usually one-celled and one-ovuled. 

Jhe fruit (Fig. 167) at maturity shows a great diversity of colors in 
the different cultivated varieties — white, yellow, green, red, brown, blue, 
purple, and black. It is more or less pear-shaped with a large soft stem. 
About the small opening are small scales. The so-called “ seeds ” 
(drupelets) (Fig. 168) are nearly globular, about 2 min. in diameter and 
hard like berry seeds because of the stony endocarp. The speriuoclerin 
is thin; the endosperm (B) and embryo (Em) about equal in volunie, 
^U. S- Dept. Agr., Div. Pom. 1901, Bill 9. 
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the latter being curved so that the tips of the cotyledons and the radicle 
nearly meet. "Withered calyx lobes and abortive flowers may accom- 
pany the fruits. 

MICROSCOPIC STRUCTURE.— Writers on the histology of foods 
and drugs describe more or less in detail the structure of the fig, special 
stress being laid on its detection in coffee and coffee substitutes. 

Receptacle.— Cross sections (Mg. 169) show that four layers are 
present, but some of the characters are best studied in surface view 
(Fig. 171) : (1) outer epiderm (epij aep) of polygonal cells with thickened 
outer walls, raised stomata (s^o), unicellular (i^)and multicellular (f) 
hairs; (2) Jiypaderm (hy) of rounded polygonal cells, some containing 
small oxalate crystal rosettes ; (3) fruit Jlesh made up of large, loosely 
arranged parenchyma cells (y) containing large crystal rosettes (cr), 



Mg. 167. Fia. 158. Fig. 169. 


Fig. 167.— Fig. Multiple fruit. X (K3.W.) 

Fig. 168.— Fig. Pericarp and seed in longitudinal section. F outer pericarp; 
FS inner pericarp and spermoderm; E endosperm; Em embryo. X 10. (K.B.W.) 
Fig. 169. — ^Fig. Outer receptacle in cross section, epi epiderm witli unicellu- 
lar conical hair, multicellular capitate lair, and sto raised stoma; hy hypo- 
derm; I latex tube. X 160. (K.B.W.) 

branching latex tubes (1), and delicate fibro- vascular bundles; and (4) 
inner epidetm [iey) of more or less longitudinally elongated, somewhat 
porous, wavy-walled cells and unicellular hairs. 

The unicellular hairs of the outer epidem are pointed and thick- 
walled, varying from short to long. On the otherwise characterless 
scales (Ec) about the opening of the receptacle, the hairs are short, 
narrow, and often without lumen except in the bulbous base. 

The latex tubes are chiefly remarkable for their numbers. 
Perigone.— This is an exceedingly delicate, thin-walled, characterless 
tissue. 

Pericarp (Fig. 170, F ; Fig. 172) . — The fruits are studied with diffi- 
culty owing to their small size, the disorganization at maturity of middle 
tissues, and the brittle endocarp. Four distinct layers, however, may 
be demonstrated: (1) epioarp {epi) of radially elongated cells with 


no 
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mucilaginous thickening of the outer walls and often colored contents; 
(2) mesocarp (mes) of small, exceedingly delicate, porous cells, adhering 
closely to Ae next layer; (3) a single row of minute stone celle (si), 
each containing a single crystal; and (4) endocarp (end) of radially 
elongated stone cells with, wavy walls. 

Spermoderm (Pig. 170, S; Kg. 172).— The tissues are thin-walled 
and brown throughout and are differeatiated^only on treatment with 
sodium hydroxide or Labairaque solution. The cells of the outer epiderm 
{m'p) are wavy-walled and more elon/^ated tha.Ti 
those of the inrm e'pidmn (^ep). 

Endosperm (Figs. 170 and 172, E).— This 
consists of dl&urone cells varying as to the mimher 
of rows, from a very few to many, according to 
the location. 

Embryo. (Fig. 170, C; Fig. 172, The 

cells are small, starch-free, and characterless. 

Chief SrETJCTimAE CHARicTEsas. — ^Multiple 
fruit hollow with drupelets borne on inner surface 
of receptacle. Seed with endosperm and curved 
embryo. 

Receptacle: outer and inner epiderm with 
hairs; fruit flesh with branching latex tubes and 
crystal rosettes. Pericarp: epicarp cells radially 
elongated, outer walls mucilaginous; endocarp of 
wavy-walled stone cells. Spermoderm character- 
less. Endosperm and embryo containing aleurone 
grains but no starch. 

CHEMICAL COMPOSITIOH.— The most ex- 
tensive worh on the composition of fresh figs is 
that of Colby, ^ who analyzed 41 samples repre- 
senting 29 varieties. Thompson ^ analyzed the 
edible portion constituting 78 to 82, aver. 80, 
per cent of the whole fruit; Azadian,^ the pulp 
(49.2 per cent) and the seeds (10.8 per cent) 
separately; and Paladino,^ the pulp and seeds together and the skin of 
the fresh fruit, also the dried whole fruit. Atwater and Bryant ^ give 
3 analyses of dried figs. See table page 511. 

1 California Agr. Ejq). Sta. Fep. 1893/4> PP- 225 and 271. 

2 Hawaii Agr. Esp. Sta. Rep. 1914:, p. 62. 

® Ann. fals. 1927, 20, 464. 

^Hiochem. Z. 1910, 24, 263. 

«IJ. S. Dept. Agr., Off. Exp. Sta. 1906, Bui. 28 rev. 



Fig. 170.— Fig. Peri- 
carp and seed in cross 
section. F pericarp : 
epi epicarp, mes re- 
mains of mesocarp, si 
stone cell layer, efid 
endocarp. JS spenno- 
derm: aep outer and 
tep inner epiderm. B 
endosperm and C 
cotyledon with al 
aleurone puins. X160. 

(KJB.y7.) 
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Fresh Magnolia figs, as analyzed by Tmub and Fraps,^ contained : 
dry matter 16.8, protein 0.7, lipoids 0.08, total sugars 11.8, reducing 
sugars 11.3, pentosans 1.02, fiber 1.0, and ash 0.4 per cent. These 
figures are in accord with those found by Guglielmi ^ and by Rossi, 
who examined the dried figs. 

Fatty Oil of Seed. — Determination of the values of oil extracted 
from the seeds, made by Azadian,^ gave: specific gravity at 15° C. 
0.9253 to 0.9493, aver. 0 . 9351 ; refractive index at 40° C. 1.4670 to 
1.4725, aver. 1 . 4689 ; saponification number 193 to 205, aver. 196 . 9 ; 



Fig. 171. Fig. 172. 


Fig. 171. — Fig. Elements of receptacle (‘^fruit^’) in surface view, aep outer epi- 
derni with stoma, long and short conical unicellular hair, and multicellu- 

lar capitate hair; hy hypoderm with small crystal rosettes; p parenchyma of 
fruit flesh with cr large crystal rosette; I branching latex tube; spiral and 
ref^ retii'ulated vessels; iep inner epiderm with hair (seen from below) ; Sc edge 
of scale at opening with hairs; ep epiderm with hair scar, sp^ spiral and ret^ 
reticulated vessels of edible stem-like base, X 160. (K,B.W.) 

Fig. 172. — Fig. Elements of fruit (^‘seed’’) in surface view. Pericarp : epi epicarp, 
mes remains of niesoearp, stone cell layer, efid endocarp. Sperm oderm; aep 
outer and iep inner epiderm. B endosperm. Em embryo. X 160. (K.B.W.) 


iodine number 102.8 to 117.4, avei. 111.0; and acid number (recalcu- 
lated) 1.7 to 3.4, aver. 2. Jamieson and McKinney^ report for the seed 
oil of caprified figs (containing water 6.3 and oil 30.44 per cent) : 
refractive index at 25° C. 1.4775, saponification number 190.1, iodine 
number 169.4, thiocyanogen number 108.4, acid number 0.87, acetyl 
number 6.1, unsaponifiable matter 1.07 per cent, also glycerides of 
fatty acids as follows, oleic 19.8, linolic 35.1, linolenic 34.2, palmitic 5.5, 
stearic 2.3, and arachidic 1.1 per cent. 

Acids. — In dried Adriatic figs Kelson® found citric and acetic acids. 

^ Proc. Am. Soc. Hort. Sci. 1928, p. 306. ^ Loc. cit. 

2 Bol. Aboz. Ital. 1908, 4, 23. ® Oil and Soap 1935, 12, No. 5, 88. 

3 Ibid. 1912, 7, 51. ® J. Am. Chem. Soc. 1928, 60, 2012. 
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Composition of Fig. 



Sam- 

ples 

Solids, 

total 

.Solids, 

' insol. 

Pro- 

tein 

Fat 

N-f. 

ext. 

Acids 

as 

citrie 

Sugars 

Fiber 

Ash 





« ■ 



! 'h’ 

y 

r- 

r: 

Colby (U.S.) 











Whole: 

41 










Min 


11 .46 


0.73 



0.10 

s.oo 


0 36 

Max . 


3S.S4 


2.7)9 



j 0.42 

20 . 99 


1.16 



20.13 


1.34 



0.17 

15.51 


0.58 

Thonipson (Hawaii) 










Edible portion : 

3 










Min 


10.27 

2.00 

0.99 

0.21 

G,r>2 

0.1.S 

r».2.s=« 

1 .07 

0,4.') 

Max , 


17.72 

2.sr> 

1 . 90 

0.37 

M.oO 

0.24 


1 .28 

0,.56 

Aver . 


14.98 

2.37 

1 1.40 

0.28 

11.64 

0.21 

10.80’* 

1.17 

0.49 

A. and B. (U. S.) 











Dried: 

3 










Min 


75.0 


2.6 

0.3 

(kS.3t 




2 2 

Max . 


SS.4 


.i.7 

0..3 

83.lt 




2.5 

Aver 


81.2 


4.3 

0.3 

74. 2t 

0.57t 



2.4 

Paladino (Italy) 











Pulp and seeds 

1 

20.00 


1 0.70 

0.30 

17.00S 


10.20 

1 .30 

0.70 

Skill 

1 

14.00 


! 0.00 

o.to 

.5.e,2§ 


.5.40 

.5.76 


Whole, dried 

1 

43.00 


4.10 

2.20 

20.18§ 


20.01) 

8.00 

2 , 52 

Azadian (Egypt).. 











Pulp: 

0 










Min 


S.GO 


0.20 



0.03 

S.O.) 


0.2S 

Max 


12,36 


1 0.70 



O.Nl 

10.22 


0.73 

Aver 


10.73 


0.47 



0.23 

9.00 


0.41 

Seeds 

1 

0.00 



5. soil 

28.121 



55.00 : 

1.71 


* SiifTose 0.00 to 0.39, a-ver. 0.15^; . f Indudes fiber. J 1 sumple. § C5um and mucilage O.SO, 
2.74, and !i Hesin 1 .70^;;. T Starch. 


As compared with the normal fruit, “ black neck ’’ (acid) figs contained 
less citric but ten times as much acetic acid. Normal Calimyrna figs 
contained citric acid 0.35 per cent, free acetic acid t).t)26 per cent, and 
a small amount of malic acid. Fruit of the same variety affected with 
internal rot contained citric acid 0.33 and free acetic acid 0.05C per cent. 
Arbenz ^ found 0.12 percent, and Vieh<ievor, Kiinke, and Mastin- 0.21 
l)er cent of ojcalic acid in dried figs- 

Enzymes. — Gerber'"^ has proved that the lipase and diadase of fig 
latcK are respectively only one-twelftli and one-('ightli as active as 
those of the paper mulberry; the protease on the other hand is 100 
times as active as the e,orrespoiHling enzyme of tlie papi'r luulherry 
a, 11(1 differs furtlua in coagulating boiled milk more readily than raw. 

Deleaiiii ^ has shown that the peptolytic enzyme of tht' tig and iIh' 
papaya ;i re identical, dffie sttulic's which ho earned out on tht‘ prottans 
of the leaves have a Ix'aring also on tht' proU'in of the two fruits. 


Lebeiisni. llyg. U)17, 8, t)S. Hul.soc. hot. I ruiict' 1UU2, [tj 2, meni. 23. 
-tSrieiieo 1V)17, 46, 504. ■* Bui. stu*. s<‘i. acml. roiinujiii IhKi 4, 345. 
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Mineral CoEStituents. — ^Results by Jaffa and Colby ^ on ash and 
ash constituents in White Adriatic figs, calculated to the fresh fruit, 
follow: 


Ash 

KsO 

Na20 

CaO 

MgO 

Fe203 

Mn203 

P 2 O, 

S 03 

SiOs 

Cl 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

0.897 

0.54 

0.01 

0.08 

0.05 

0.01 

0.002 

0.10 

0.04 

0.04 

0.02 


A partial analysis of Smyrna figs gaye, on the ash basis, only four- 
fifths as much potash hut about the same amount of phosphoric acid 
as in the White Adriatic. 

Minor Mineral Constituents. Iron . — Dried figs SO mg. per kilo, as sold (Hauser- 
mann).* Dried figs 39.6 mg. per kilo, as sold (Peterson and Elvehjem).* 

Copper . — Dried figs 3.S mg. per kilo, as sold (Lindow, Elv-ebjem, and Peterson).^ 

Zinc . — ^Whole fresh violet figs 1.2 mg. per kilo, fresh basis; whole dried Smyrna 
figs 3.6 mg. per kilo, fresh basis (Bertrand and Benson).® 

mulberry: 

Morm spp. 

Pr. Mfire. Sp. Mora. It. Mora. Ger. Maulbeere. 

Leayes of M. alba L. are the best food for silkworms. Cultivation 
of the tree for this purpose in China antedates history. Prom China 
and India its cultivation spread westward although it appears that the 
leaves of the black mulberry {M. nigra L.) , a tree grown more for its 
fruit, was first used in Europe as silkworm food. Strange to say, in the 
United States where the silkworm culture has been abandoned, it is 
varieties of white mulberry which, according to Bailey,® have been 
more commonly developed for food— at least in the northern and 
eastern sections. 

The Chinese species {M. muUicaulis Perr.), considered by many 
botanists a variety of M, alha, was introduced into the United States 
when attempts were made to establish the silkworm industry there, 
but is now no longer important. 

1 California Agr. Exp. Sta. 1893, Bui. 102. 

2 Sherman: U. S. Dept. Agr., Off. Exp. Sta. 1907, Bui. 186. 

® J. Biol. Chem. 1928, 78, 215. 

« Ibid. 1929, 82,465. 

®BuI. soc. hyg. aliment. 1928, 16, 457. 

® Cornell Exp. Sta. Bui. 1892, Bui. 46. 
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MACROSCOPIC STRITCTITRE. — The mulberries are monoecious 
or dioecious trees, the flowers beiug borne in short spikes. The female 
flower is characterized by the two-celled ovary developing into a one- 
celled drupelet free from, but closely invested by, the perigone of four 
fleshy calyx lobes. Numerous drupelets with investing perigone are 
closely crowded together forming a multiple/r wri resenibling the black- 
berry (an aggregate fruit) in general form, size, and, in the case of dark 
varieties, color, but not in structure. The pericarp, although succulent, 
contributes little to the hulk. Commonly only a few of the drupelets 
are perfect with a well-developed hard endocarp and fertile seed cor- 
responding to the stone of a peach. Each of the small stones contains 
a single seed. The 
curved embryo is em- 
bedded in the endosperm. 

Peduncle, rachis, sepals, 
pericarp, and seed are all 
present in the fruit as it 
drops from the tree. 

MICROSCOPIC 
STRUCTURE (Pig. 173). 

Peduncle. — The epiderm 
is characterless except for 
the hairs which are partly 
short and stiff and partly 
long and thin-walled. 

Numerous crystal fibers, 
with crystal masses show- 
ing several edges rather 
than points, accompany 
the fibro-vascular bun- 
dles. The vessels and 
hairs are the only strongly lignified elements. Bast fibers are 
absent. 

Rachis. — Three forms of hairs occur on the epiderm (ep): (1) multi- 
cellular, hook-shaped (t-), (2) long, thin-walled {f^), and (3) short, 
stiff, dagger- or scimitar-shaped. The cortex contains fibro-vascular 
bundles ifv) and accompanying crystal fibers like those of the peduncle, 
also branching latex tubes (1). 

Perigone. — On the body of the calyx lobes, the outer epiderm [aep^) 
is made up of polygonal, isodiainetric or somewhat elongated cells, 
often in longitudinal rows; at the apex, of narrow cells ((lep-), often 
with wavy walls and long, blunt-pointed hairs The mesophyl 



Fig. 173.— White Mulberry. Elements in surface 
view. Rachis: ep epiderm with unicellular and 
1 2 multicellular hairs, I latex tube^ fv fibro-vascu- 
lar bundle with spiral and annular vessels and 
crystal fibers. Caij'x: aep^ outer epiderm on 
body, aep- at tip with hairs, iep inner epiderm 
with. P hair cantaining cy cystolith. Pericarp; cr 
eiy’stal cells of inner mesoearp, end endocarp. 
Speruioderm: ir cross cells of spongy’ parenchjmia, 
i inner epiderm. X 160, (A,L.W.) 
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consists of ground parenchyma with, numerous branching latex tubes. 
The latex grains reach or exceed 5 /£. In the iier\res are fibro-Tascular 
bundles like those in the peduncle and rachis. The in%er epiderm {iep) 
is characterized by the long wavy-walled cells and especially by the 
short curved hairs {i^) each with a eystolith (cy) of calcium carbonate 
in its base. 

Pericarp.—The epicarp is much like the outer epiderm of the peri- 
gone, but lacks hairs. The mesocarp is also similar in its outer layers 
but has a layer of small crystal cells (cr) adjoining the endocarp. Each 
cell of this crystal layer fits into a depression in the next layer, the 
crystal rosettes being as described above. This layer is evident even 
in the abortive drupelets. The endocarp (end), consisting of a single 
layer of deeply sinuous-walled sclerenchyma cells with numerous pores, 
is the most conspicuous tissue of the whole fruit. 

Speimoderm. — The outer epiderm is not easily found, but the inner 
epiderm (i) is conspicuous because of the beaded walls. Soaking in 
dilute sodium hydroxide or warming with chloral hydrate brings out 
the brown beaded, usually transversely elongated, cells of the middle 
layer (tr) and intercellular spaces. 

Endosperm and Embryo contain rounded aleurone grains, up to 
9 fjL, which appear to contain crystalloids but no globoids. 

Chief Strxjctuiial Characters.— Fruit blackberry-like; calyx lobes 
fleshy, enclosing drupelets. 

Peduncle, rachis, and perigone with hairs, hooked-shaped, multi- 
cellular forms of rachis characteristic; rachis and perigone characterized 
by branching latex tubes and crystal fibers; inner epiderm of perigone 
bearing eystolith hairs; endocarp sclerenchymatous, sinuous- walled. 
Endosperm and embryo containing aleurone grains. 

CHEMICAX COMPOSITION. — An early analysis of the black mul- 
berry by Fresenius^ gave: water 84,71, protein 0.36, acid as malic 
1.86, invert sugar 9,19, pectin 2.03, and ash 0.57 per cent. 

The range in composition of the pulp of 5 samples of Austrian mul- 
berries, reported by Hotter,- follows ; 


Composition op Mui^berries (Hotter) 



Solids, 

Solids, 

Hx- 

Acids 

as 

malic 

Sugars, 

Dex- 

Leva- 

Su- 

Tan- 

Ash, 


total 

insol. 

t ract 

total* 

trose 

lose 

crose 

nin 

totalf 

Min 

or 

/€ 

% 

Yo 

% 


% 

' % 

% 

% 

% 

15.7 

3.2 

10.0 

0.4 

4.6 

2.0 

2.7 

1 0.4 

0.00 

0.85 

Max 

18.4 

7.0 

17.4 

0.9 

14.1 

8.4 

6.0 

0.8 

0.16 

0.94 


As invert, t Hhosphorie arid 0.10 to 0.13*95,. 

Ann. Cliem. Pharm, 1854, 101, 219. ® Z. Landw. Versuchsw. 1906, 9, 747. 
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Color. — Yamamoto ^ identified the anthocyanin cJirymnihemin which 
on hydrolysis yielded one molecule each of cyanidin and dextrose. 


JACK FRUIT 

Ari(Karfus iriiegrifolia Forst. = A. iidegra L. 

Fr. Jacque. Sp. Jak. Port. Jaca. Ger. Jackfrucht. 

Disregarding the exaggerated reports of enthusiiistic travelers, the 
jack fruit is doubtless the largest of fruits, individuals weighing as much 
as 20 kilos. It is indeed fortunate that such heavy bodies are borne on 
the main trunk or main branches of the tree. De Candolle traces the 
origin of the tree to India. Its cultivation is now found in India, Ceylon, 
Malaysia including the Philippines, Brazil, and other tropical regions. 

The fruit pulp is eaten raw, cooked in various ways, and preserved, 
but it is not highly esteemed by Europeans. Of better repute are the 
starchy seeds which, roasted, resemble chestnuts in nutritive value and 
flavor. 

MACROSCOPIC STRUCTURE. — ^The very small, apetalous /ewers 
of both sexes are borne separately in dense heads. IMost of the ovules 
of the one-celled, one-ovuled ovary fail to develop into seeds. In the 
multiple fmit the outer ends of the perigones (calyx tubes) of the indi- 
vidual flowers are grown together forming an elongated rounded mass 
covered with small cones. On cutting through the flesh to the axis 
(Tig. 174) the perigones are seen to be consolidated (P^) only for about 
one-third the distance, while for the remaining two-thirds they are free, 
those with pericarp and seed being tubular and fleshy (P^), the 
remainder, development of which was arrested, strap-shaped and nar- 
row (P^). 

The bean-shaped /na’i proper is about 3 cm. long. Attached to one 
edge, two-thirds of the distance to the outer end, are the remains of the 
long style. The pericarp (P) forms a leathery skin within which is a 
thin aril, resembling the skin of an egg, enclosing the anatropous seed 
(>S), with a thin spernioderm and fleshy cotyledons, but without endo- 
sperm. 

MICROSCOPIC STRUCTURE,— The Outer Perigone Tissues 

(Fig. 175), formed by the consolidation of the outer portions of the 
perigones, consist of (1) epiderm (aep) of rounded cells with thiek-walled 
hairs (t)^ sunken at the base, and stomata, and (2) fruit j^ulp of porous, 
thick-walled spongy parcnch^nna (p), forming the ground tissue, through 


1 J. Agr. Chem. Soc. Japan 1934, 10, 1046. 
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wMch are distributed branelimg latex tubes {1) and bundles of broad, 


thick- walled fibers (/). 

The Imier Perigone Tissues (Fig. 176, P) are thicker when they 
belong with a fully developed pericarp and seed than in the flattened 


bands representing the perigones of the abortive 
fruits, but not essentially different in structure. 
The layers are as follows: (1) outer epiderm of 
longitudinally elongated cells, arranged end to 
end in rows, with thickened outer waEs; (2) 
nesophyl of rounded starch parenchyma cells 




Fig. 174. 


Fig. 175. 


Fig. 175. 


Fig. 174,— Jack Fruit. Multiple fruit in cro^ section. R receptacle; inner 
portion of developed perigone; inner portions of abortive perigones; con- 
solidated outer portions of perigones ending in cones on tlie surface; F pericarp 
with style arising from one side; S seed. X V 2 . (A.L.W.) 

Fig. 175. — Jack Fruit. Multiple fruit in cross section showing outer consolidated 
perigone tissues, acp outer epiderm with t hair; p spongy parenchyma; / fiber 
bundle; I latex tube, X 160. (K.B.'W.) 

Fig. 176- — Jack Fruit. Perigone (inner free portion), fruit, and seed in cross sec- 
tion. P perigone: am'^ starch parenchyma, latex tube. F pericarp: am^ spongy 
starch parenchyma. A aril. spermoderm. C cotyledon : am^ starch paren- 
chyma, P latex tube, X 160. (K.B.W.) 


(am}), latex tubes {}), longitudinally arranged, and occasional weak 
fibro-vascular bundles; and (3) inner ejdderm, of longitudinally elon- 
gated cells differing from those of tbe outer epiderm in that the walls 
are porous and the arrangement is not end to end. 
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The individual starch grains are angular or truncated, up to 11 n, 
with central hilum. They are densely packed in the cells of the mature 
perigoue and occur mostly in small aggregates. 

Pericarp (Fig. 176, F ). — Three layers are present: (1) epicarp of 
polygonal cells characterized by the great thickening of the outer walls 
as seen in cross section; (2) mesocarp of tangentially elongated, in 
surface view distinctly porous, spongy, starch parenchyma cells (am^), 
through which run very delicate fibre- vascular bundles ; and (3) endo- 
carp of collapsed cells. 

The color of the pericarp is due to transparent brown contents. The 
starch grains are small and occur in small aggregates up to 11 ii. 

Aril (Fig. 176, A ). — In the outer part the cells are small, thin-walled 
and loosely arranged, in the inner part larger, thick-walled, porous, and 
often irregular in shape. Throughout the tissues are colorless. 

Spermoderm (Fig. 176, S). — ^The cells are collapsed and form a 
brown, nearly structureless band, the older epiderm being distinguished 
by its darker color. 

Embiyo. — The cotyledons (Fig. 176, C) have a ground tissue of 
isodiametric cells containing etercli grains up to 15 p, in small 

aggregates. Occasional latex tubes (P) are also present. 

Chief Stetjcturau Charactehs. — ^Fruit muricate with outer por- 
tions of perigones consolidated, inner portions free and, when pericarp 
and seed are developed, fleshy; fruit prop>er bean-shaped with style on 
edge; pericarp thin; aril membranous; spermoderm thin; embryo 
fleshy, straight. 

Starch present in inner perigone tissues, mesocarp, and cotyledons. 
Latex tubes occur in outer and inner perigone and cotyledons. 

CHEMICAL COMPOSITION. — Analyses by Pratt and Bel Rosario^ 
and by Thompson^ follow: 


Composition op Edible Parts of Jack Fevi'T 



Edi- 

ble 

Solids, 

total 

Solids, 

insol. 

Pro- 

tein 

Fat 

Acids 

as 

malic 1 

Sugars, 

reduc- 

ing 

Su- 

crose 

Fiber 

Ash, 

total 

Ash, 

alk.’*' 


cr 

/C 

% 

c*. 

% 

/C 

<7^ 

c. 

C', 

% 

'~C' 

cc. 

r. and Del R.: 












Pulp 

25 

34.4 

3. 1 

0.42 


O.IS 1 

8.28 

13.92 


1.23 

129 

Thompson: 











1 

Whole 

5S 

18.92 

8. 86 

1.69 

0.60 

0.25 

5.55 

2. IS 

1.90 

0.95 


Pulp 

32 

23,20 

5.76 

1.44 

0.45 

0.38 

G .51 

8.G4 

1.31 

0.93 


Seeds 

87 

50,82 

34.94t 

5.44 

0.24 

0.22 

0.71 

1.16 

1.61 

3. 50 i 



* Cc, iV/ 10 acid per lOO grams fruit, t Hydrolyzable carbohydrates 23.53^' . 


The insoluble solids of the seeds consisted largely of starch. 

^ Philippine J. Sci. 1913, 8, 59. ® Hawaii Agr. Exp. Sta. Rep. 1914, p. 62. 



518 


FRUITS 


BREADFRUIT 

Artocarpvis commiinis Forst. == A. incisa L. 

Fr. Fruit a pain. Sp. Fruto del pan. Port. Fruita pao. 

It. Frutto del pane. Ger. Brodfrucht. 

Originally, according to De Candolle, the breadfruit grew in the 
Sunda Islands whence it was introduced into other islands of Malaysia 
and Polynesia. Today in many of the islands it is the '' staff of life 
of the natives. In the western hemisphere it never has been of great 
importance except perhaps in Hawaii. 

The seeded variety, like the jack fruit, is valuable chiefly for the 
seeds which resemble chestnuts in composition and flavor. Of much 
greater value is the seedless breadfruit. Saf ord ^ describes the primitive 
method of cooking in holes in the ground with hot stones, but adds that 
now the fruit is commonly boiled, baked, and fried like other vegetables. 
It is also sliced, dried, ground, and made into a kind of biscuit known as 
madraij or a dough is prepared from the moist fresh pulp, allowed to 
ferment in the ground, and then used for cakes called make. 

MACROSCOPIC STRUCTURE.— Neither flcwer nor fruit differs 
essentially in morphology from that of the jack fruit. In both, the 
height of the conical murications or terminals of the perigones show 
some variation, the greater variation occurring in the seedless bread- 
fruit of which more varieties have been developed. In the outer half 
of the multiple fruit of the seedless form the flesh is solid, in the inner 
half somewhat porous, owing to the radially elongated cavities of the 
perigones, appearing like worm holes, but, unlike those of the jack 
fruit, the individual perigones are consolidated even in the inner half 
and, although containing only abortive flowers, are uniformly thickened. 

MICROSCOPIC STRUCTURE OF SEEDED FRUIT,— The struc- 
ture differs from that of the jack fruit only in unimportant details. In 
both species the percentage of starch in the whole fruit, as well as the 
relative amount in the outer and inner tissues, varies with the degree 
of ripeness and the variety. The size and form of the starch grains 
(Fig. 27, Plate III, YoL I) also show considerable variation comparable 
with those of the starch of roots and tubers which, like the breadfruit, 
are used at different stages of ripeness. 

Oralate rosettes are stated to occur in the ground tissue, and hairs on 
the inner epiderm of the perigone, of seeded as well as seedless bread fruit, 
but neither was noted in specimens of jack fruit examined. In the struc- 
ture of the pericarp and seed, no essential difference in the two species is 
^ Useful Plants of Guam, Contrib. INat. Herb. 1905, 9. 
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apparent, the starch grains being indistinguishable under the microscope. 

MICROSCOPIC STRUCTURE OF SEEDLESS FRUIT. Recep- 
tacle. — The central core, resembling that of the pineapple, contains 
strongly developed fihro-vascular hindles made up of large (often over 
lOO fi wide) spiral and spirally reticulated vessels and sieve tubes (up 
to 30 fi wide) with sieve plates evident without special treatment. 
Crystal rosettes occur near the bundles. 

Perigone (Fig. 177). — The tissues are (1) 
outer ep{der?ri with stomata (sto) and thick- 
walled sunken hairs (t^); (2) mesophyl of 
thick-walled, porous ground tissue becoming 
spongy inward, containing starch grains (am), 
up to II p, and occasional oxalate rosettes 
(cr), also branching latex tubes {1), contain- 
ing grains up to 15 /x, and fibro-vjiscular 
bundles [fv] with smaller elements than in 
the receptacle; and (3) iniojer epiderm of 
somewhat elongated cells, stomata, and 
thick- and thin-walled hairs (f ^) . 

The starch grams do not noticeably differ 
from those of the jack fruit, but the latex 
grains are larger, reaching 15 g. As noted 
above, alh.^wance must be made for stage of 
development and cultivated variety. 

The thick-walled hairs of both epidern^s 
are stiff, blunt-pointed, and have slit-pores 
about the base. In addition, thinner-walled 
hairs both short (jr) and long (up to 400 /u) 
occur on the inner epiderm. 

Chief Structural Characters.— Fruit 
multiple, muricate; perigones in seedless var- 
iety consolidated throughout, solid in outer 
half, with cavities in inner half containing abortive flowers. 

Outer and inner epidernis with thick- walled hairs; inesophyl con- 
sisting of starch parenchyma (grains up to 11 ix), branching latex tubes 
(grains up to 15 /z), oxalate cells, and hbro-vascular bundles. Pericarp 
and seed, when present, as in jack fruit. 

CHEMICAL COMPOSITION.— A single analysis by Pairaiilt,^ of 
breadfruit from the Antilles, and analyses by Thompson,- of the edible 
part of 2 varieties grown in Hawaii, follow: 

^ Bui. ass. china, sucr. dist. 1900-1901, No. 1, 77. 

“ Hawaii Agr. Exp. Sta. Rep. 1914, p. 62. 



Fig. 177. — Seedless Bread- 
fruit. Fruit (consolidated 
perigones) in cross section. 
Outer epiderm with O hair 
aiul sio stoma; cr crystal 
coll; fv fibro-vaseiilar bun- 
dle; Hatex tube; a spongy 
starch pareachynia ; inner 
epiderm with i- hairs. X 160. 

(KE.tV.) 
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Composition of Beeadfruit 



Edi- 

ble 

Solids, 

total 

Solids, 

insol. 

Pro- 

tein 

Fat 

N-f. 

ext. 

Acids 

as 

malic 

Sugars, 

reduc- 

ing 

Su- 

crose 

Fiber 

Ash 


% 

% 


%> 

% 

% 

% 

9c 

% 

% 

% 

Pairault; 











Antilles... 


53.79 


2.34 

0.40 

45.07* 




4.20 

1.78 

Thompson; 











Hawaiian. 

78 

41.82 

20.35 

1.58 

0.19 

: 37.90 

0.07 

1.75 

7.74 

1.20 

0.95 

Samoan . . 

83 

26.89 

8.44 

: 1.58 

0.52 

22.66 

0.11 

4.93 

9.67 

0.98 

1.15 


* starch 41.42%. 


Phosphoms-Orgamc Compotinds. Phytin . — Bagaoisan ^ reports 

0.75 per cent, dry basis, in the flesh. 


Philippine Agr. 1932, 21, 53. 



FRUITS OF THE BARBERRY FAMILY 

{Berhendacese) 

One species, the common barberry, is described below. 

BARBERRY 

Berheris vulgaris L. 

r. fipine-vinette. Sp- Berberis. It. Barbero. 

Ger. Berberisbeere. 

Common barberry, an Asiatic and European shrub, has run wild 
in the United States. In wheat-growing sections it is regarded as an 
outlaw because it is the host for one stage of the wheat rust. 

Barberry jelly is highly esteemed by those familiar with it but as a 
rule the shrub or one of its varieties is regarded merely as an ornamental 
and the fruit goes to waste. 

MACROSCOPIC STRUCTURE. — Among the characters of the 
flower are the six small sepals, the six somewhat larger concave yellow 
petals, and the six stamens which, when released, snap toward the central 
stigma. 

Several oblong, bright red berries, up to 12 mm. long, are in a cluster 
(raceme) on stems about the length of the berry. Unlike that of the 
much-grown Japanese species (B. Thunhergii DC.), the berry is dull, 
not lustrous. One to three anatropous peg-like seeds^ up to 6 mm. long, 
arise from the base of the fruit cavity. The spermoderrn is leathery; 
the endosperm is bulky; the embryo embedded in the axis of the 
endosperm is straight, elongated, with narrow cotyledons about the 
length of the radicle. 

MICROSCOPIC STRUCrURE.— Pammel, Burnip, and Thomas ^ 
describe and picture the histology of the seeds (but not the fruits) of 
eight species of Berberis, including B. vulgaris, as seen in cross section, 
and give references to other papers. 

Pericarp. — There are no striking tissues. The polygonal cells of the 
epicarp differ from those of the endocarj) in being smaller and having 
red contents. 

1 Iowa Acad. Sci. 1897, 6, 11. 
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Spermoderm, — Five layers are clearly seen in cross section: (1) 
ovier eipiderm of radially iriiich elongated cells, the outer walls of which 
have three lamellae, the middle and inner being brown; (2) brown 
parenchyma cells diminishing in size inward; (3) triangular or spool- 
shaped sclerenchyma cells with intercellular spaces; (4) brown tabular 
cells with cuticnlarized outer and inner walls; and (5) colorless com- 
pressed cells (perisperm?) . 

Endospenn. — Typical aleurone cells make up the bulky endosperm. 
The aleurone grains reach a maxinuim of 15 p. in the inner layers. Owing 
to their close packing in the cells, they are polygonal in form. Although 
Arthur Meyer ^ states that crystalloids are absent, they appear to be 
present. 

Embryo. — The cells are small and contain small aleurone grains. 

Chief Stexjctijral Characters.— Fruit oblong, red, dull; seed 
shoepeg-like. Embryo axial in bulky endosperm. 

Epicarp and endocarp cells polygonal ; other fruit tissues character- 
less. Spermoderm with five coats, the third being of triangular or spool- 
shaped sclerenchyma cells. Endosperm and embryo containing aleurone 
grains. 

CHEMICAL COMPOSITION.— Moeller/ on the authority of 
Lensen, states that the fruit contains malic acid 6.62 and sugars 3.57 
per cent, but no acetic acid. 

Alkaloids. — From B. darwinii, Cromwell*^ isolated an alkaloid, 
berherine, formed by decomposition of proteins in the presence of sugar 
residues. 

^ Pflanzenpulver. Jena, 1901, p. 40. 

^ Eeal-Enzykl. ges. Pharm. Berlin, 2. Aufi. 1904, 2, 562. 

» Biochem. J. 1933, 27, 860. 



FRUITS OF THE CUSTARD-APPLE FAMILY 

(Annonacese) 

With the exception of Asimina triloba, the custard-apple or papaw 
of central and eastern United States, the family is confined to the 
tropics and sub-tropics. A few of the numerous species of Annom 
are extensively cultivated for their delicious fruits. The name custard- 
apple is applied t o various species. 

The fruits are eaten for dessert and serve for the preparation of 
sherbets, soda-water syrups, and preserves. Some of the species shfp 
well and should be better known. The botanical characters of the genus 
Annoria and the individual species are fully treated by Safford.^ 

The fruits of Asvmina and six species of Annona are here described. 

COMPARATIVE MACROSCOPIC STRUCTURE. Fhwer. —There 
are three outer and three smaller inner petals with numerous stamens 
and pistils crowded on a fleshy receptacle. 

The fruit, varying in size, is an elongated berry in Asimina and a 
syncarp with more or less coherent carpels in Annona. In form the 
fruits of Annona vary from round to irregularly heart-shaped. The 
pericarp of Asinina has a thin skin and that of species of Annona a 
firm rind, but the edible fruit flesh of both is soft. On the surface of 
the syncarp, each carpel may be raised to a conical point or the whole 
fruit may be smooth with scarcely any line of demarcation between 
the individual carpels. 

The seed is anatropous, brown, more or less flattened, elongated, 
varying somewhat in size. The thin leathery spermoderm fits into the 
deep clefts of the bulky endosperm. A small straight embryo is near 
the hiliiin. 

COMPARATIVE MICROSCOPIC STRUCTURE.— The Rachis or 

core of the syncarp consists of tissues similar to those of the mesocarp, 
but the vTisciilar biiiulles are more strongly developed. 

Pericarp.— Five distinct tissues, not including the vascular bundles, 
constitute the fruit. The first three, namely, (1) epicarp, (2) hypodenn, 
and (3) outer niet^ocarp with stone cell groups, form well-marked zones, 
while the renuiiiiing two, namely, (4) inner mei^ocarp and (5) thin 

^Bailey: Stand. Cyel. Hort., N'ew York, 1922; Popenoo: Manual Trop. Suhtrop. 
Fiuitti, New York, 1920. 
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endocarj), are concentric with the individual seed cavities. Between 
the carpels of the syncarp the first three tissues are not developed. 

Spennodenn.“-This consists largely of a dense tissue of thick- 
walled sclerenchyna cells, those of the outer part being mostly longi- 
tudinally elongated while those of the inner part are transversely 
elongated. Monoclinic crystals are present in the subepiderm of the 
sweetsop, bullock’s heart, and ilama. 

Perispeim. — This in most species consists of a very thin layer of 
compressed cells. Here and there occur large secretion cells protruding 
into the endosperm and at first glance apparently belonging to it; 
Voigtd however, concludes that they are a part of the perisperm. 

Endosperm. — Rounded porous cells containing small aleurone grains 
make up the bulky endosperm. 

COMPARATIVE CHEMICAL COMPOSITION.— Proximate anal- 
yses show that the sohds consist chiefly of mgars, reducing sugar pre- 
dominating. The acidity varies and its chemical nature is uncertain. 


TAPAW 

AsimiTiG trilobd Dunal 

Fr. Asimine. It. Papaja. Ger. Pappaw. 

The papaw or custard-apple, a native of central and eastern United 
States, is the fruit of a small tree often forming thick growths in the 
Mississippi Valley. 

MACROSCOPIC STRUCTURE. — The flotcer has three large outer 
and three small inner purple petals, a few pistils, and numerous stamens. 
The fruit is an obliquely attached berry with a nearly black skin and 
soft yellow flesh when ripe. It varies from more or less cylindrical to 
sickle-shaped, up to 15 cm. long, with several flattened, ovate, shiny 
brown, horizontaPy arranged seeds, about 2.5 cm. long. 

Some of the systematic botanies record the presence of an aril. The 
whitish inner mesocarp tissues immediately surrounding the seed, 
which remain firm after the pulp proper has broken down during ripen- 
ing, do suggest an aril, but sections of the immature fruit fail to show 
any separation from the outer mesocarp. A similar tissue occurs in 
the kaki. 

Longitudinal sections of the seed show the ruminating endosperm 
with brown spermoderm and perisperm. 


. Jar. Bot. Biiiten 2 org, 1888, 7, 151. 
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MICROSCOPIC STRUCTURE. Pericarp. — The five tissues are: 
(1) e'picav'p of polygonal cells; (2) hypodemi of rounded, small cells; 
(S) outer mesocarp of rounded or elongated, thin-walled pulp cells 
containing occasional small starch grains up to 7 ja, numerous white 
stone cells, with broad lumens, occurring singly or in small groups, 
elongated secretion cells with ref ractive contents, and occasional delicate 
fibro-vascnlar bundles; (4) inner mesocarp of elongated pulp cells 
radiating from the seeds; and (5) endocarp of polygonal or rounded, 
thick-walled, coarsely beaded cells. 

The starch grains, occurring singly or in aggregates of two or three 
members, gradually disappear during ripening. 

Spermodenn. — Four tissues, all brown, are present : (1) outer epiderm 
of polygonal cells; (2) svbepiderm of small rounded cells; (3) a dense 
mass of elongated, thick-wailed sclerenchyma cells, the outer portion with 
cells running for the most part longitudinally (excepting the somewhat 
parqueted outer layer), the inner portion with cells running transversely; 
and (4) inner epiderm of thin-walled, polygonal cells. 

Perisperm. — This consists of a single layer of narrow elongated cells, 
with thickened outer wall and, as noted under Comparative Microscopic 
Structure of the group, rounded secretion cells protruding into the endo- 
sperm. 

Endosperm. — This white tissue, forming the bulk of the seed, con- 
sists of rounded, thick-walled, porous cells containing small aleurone 
grains and oil. The walls stain red-blue with chlorzinc iodine. 

Chief Structurai Characters. — Fruit sickle-shaped, nearly black. 
Seed brown, flattened, with thin spermoderm and ruminating endosperm. 

Epicarp cells polygonal; mesocarp with starch cells, secretion cells, 
and stone cells; endocarp thick-walled and porous. Spermoderm with 
masses of elongated, brown sclerenchyma cells. Endosperm cells 
thick-walled, containing small aleurone grains and oil, 

CHEMICAL COMPOSITION. — Langworthy and Holmes^ were 
unable to find in the fruit any unwholesome constituent. An analysis 
of the edible portion (flesh) consisting of 74.8 per cent of the fruit gave 
as shown below: 


Water 

Protein 

Fat 

N-f. ext. 
-f Fiber 

Sugars, 

reducing 

Sucrose 

Ash 

% 

% 

% 

% 

% 

% 

7o 

76.6 

5.2 

0.9 

16.8 

5.9 

2.7 

0.5 


1 J. Home Econ. 1917, % 505. 
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SOURSOP 

Annona muricata L. 

Fr. CorossoL Sp. Guaaabaua, Ger. Satire Sobbe. 

Saf ord states that the soursop is a native of tropical America. It is 
the most important annonaceous fruit grown in Cuba; Hawaii, and the 
Philippines, being especially prized for the preparation of sherbets, 
soda-water syrups, and jellies. The tree is also grown in the West 
Indies, Mexico, South America, India, Malaysia, and Africa. In Cuba 
the fruit is canned and preserved on a commercial scale. As a dessert 
fruit it is not equal to the sweetsop, cherimoya, or ilama. 

MACROSCOPIC STRUCIDRE.— The are large, the ex- 

terior petals broad, thick, and fleshy, the interior petals smaller and 
thinner. 

In form, size, and arrangement of the carpels, the Jruit (Fig. 178), 
which is a syncarp, suggests a pineapple without the tuft of leaves. It 
is the largest of the annonas, reaching 2.5 kilos in weight. The skin is 
dark green, smooth, with a slightly recurved spine on each carpel. 
Longitudinal ridges, often inconspicuous, extend from spine to spine. 
The rind is several millimeters thick and does not, as in the sweetsop, 
readily separate from the edible flesh. The skin has a disagreeable odor 
and taste but the flesh is juicy, agreeably acid, variously described as 
resembling the pineapple or mango in flavor. 

The dark brown, lustrous, flattened seed&y pointed at the base, reach 
1.8 cm. in length. Longitudinal sections (Fig. 180, inset) cut at right 
angles to the flattened surface show clearly the dark leathery spermoderm 
with its thin transverse plates penetrating between the folds of the con- 
solidated perisperm and endosperm. The spermoderm and its plates 
separate readily from the inner tissues. The minute embryo, situated 
in the pointed end, is seen with difficulty except after sprouting. 

MICROSCOPIC STRUCTURE. — The Rachis, or core of the syncarp, 
consists of tissues similar to those of the mesocarp but the fib ro- vascular 
bundles are more strongly developed. 

Pericarp (Fig. 179). — The tissues are (1) ej[)icarp (epi) of polygonal 
cells, often in longitudinal rows, interspersed with stomata and numerous 
two-jointed hairs (0, each on a small foot cell; (2) hypcderm of rounded 
characterless cells; (3) o'ufej' mesccarp (ms^) of sclerenchyma containing 
minute starch grains, groups of nearly isodiametric stone cells (st) and 
occasional fibro- vascular bundles (fv) ; (4) inner mesocarp (mes^) of 
rounded pulp cells containing, until mellow, small starch grains (am), 
secretion cells (sec), and delicate fibro-vascular bundles; and (5) endo- 
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carp (end) of narrow elongated porous (in surface view) cells adjoining 
the seed cavities. 

The starch grains of the fruit pulp are isodiametric, rounded, or trun- 
cated and range up to 12 ii. 

Spermoderai (Fig. 180, S ). — Longitudinal sections show four brown 
tissues: (1) outer epiderm (aep) consisting of characterless, in. surface 
view polygonal, cells with somewhat 
thickened outer walls; (2) suhepiderni (sub) 
of small, in surface view rounded, cells 
with no evident contents forming a sin- 
gle or double layer; (3) dense tissue of 
thick- walled much-elongated sclererickgma 
cells, in the outer portion longitudi- 
nally arranged, in the inner portion (sc-), 
including the plates between the folds of 
the endosperm, transversely arranged; and 
(4) inner epiderm (iep) of cells similar to 
those of the outer epiderm, except that the 
walls are faintly porous. 


me^ 
sec- 
am- 
end - 

Fig. 178. Pig. ITS. 

Fio. 178. — Soiirsop. Fruit. X (A.L.W.) 

Fig. 179. — vSour.sop. Fruit in cro.s,'? f^ocMion. epi epi<*arp with f kiir; tur.s’ oiittu- 
nieso(uii) with /u fibro-vasaihu* buiulle and st stone (‘ells; nies- inner iiu'sccarp of 
cejlls (‘oiitainiiig am istarch graiiics and sec secretion cells; end endocarp. X 160. 

(K.B.W.) 

Perisperm (Fig. 180, N). — Yoigt^ concludes that the single layer 
of small cells, mostly with very short, thin radial walls, appearing to 
^ Ann. Jar. But. Buiteiizorg. 1888, 7, 151. 
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form the outer layer of the endosperm, also large dark secretion cells 
(ol)j containing oleoresin, occurring here and there "beneath groups of 
the cells of the outer layer with longer radial walls, constitute the peri- 
sperm. He found that on treatment of longitudinal sections with chlor- 
zinc iodine the walls of the perisperm cells stain yellow whereas those 
of the endosperm stain blue. Furthermore he found, and so shows in 
a cut of a related species, but we are unable to confirm, that the diyision 
wall between adjoining perisperm and endosperm cells is double, the 
outer part belonging to the former and the inner part to the latter. 

Endosperm (Fig. 180, E).—T]ie cells are characterized by their 
rounded form, thickened angles, and the pores in the thinner part of 
the walls. In addition to staining blue with chlorzinc iodine, they stain, 


S E 



Fig. ISO.— Soursop. Seed in longitudinal section. 8 spermoderm : aep outer epi- 
derin; mb subepiderm; sc^ longitudinally arranged sclerencliyina cells; sc^ trans- 
versely arranged sclerenckyma cells; iep inner epiderm. N perisperm of empty, 
more or less compressed cells; ol secretion cell. F endosperm containing al 
aleurone grains. X 160. Inset, seed X 1. (K.B.W.) 

as noted by Yoigt, dirty red with iodine in potassium iodide. The visible 
contents are small aleurone grains {al)j usually less than 5 /i but occa- 
sionally in the central cells reaching 8 p,. 

Chief Structural Characters. — Fruit heart-shaped, large, dark 
green. Seed brown, flattened, with thin spermoderm and large ruminat- 
ing endosperm. 

Epicarp with hairs; mesocarp of starch parenchjma, stone cell 
groups, and secretion cells. Spermoderm of mass of elongated scleren- 
chyma cells. Perisperm of small cells and large oleoresin cavities. 
Endosperm of thick-walled cells containing small aleurone grains (8 p). 
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CHEMICAL COMPOSITION. — Tor convenience in coinparison, 
suinmaries of analyses of the different species of Atinona are here given. 
The Cuban fruits were analyzed by Chace, Tolman, and Munson,^ the 
Philippine by Piatt and Del Rosario ,2 and the Hawaiian by Thompson.^ 
The following average weights of the different species are recorded: 
soursop, Cuban. 325 and Philippine 650 grams; sweetsop, Cuban 212 
and 246 and Philippine 240 grams; bullock’s heart, Cuban 444 grains. 


Composition- op Flesh of Annoi^aceous Fruits 
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Soursop: 












Cuban 












I 

72 

19.03 

5.45 

1.65 

.... 

0.70 

13.07 

0.00 



0.41 

53 

II 

69 

19.64 




0.89 

9.77 

0.00 



0.86 

73 

Philippine . . . 

69 

22.6 

3.4 

0.38 

.... 

1.04 

10.80 

7.72 



0.85 

93 

Sweets op: 












Cuban 












Min.f 

271 

25.44 

4.78t 

1.80S 

.... 

0.20 

11.24J 

0.60$ 

.... 

0.80 

SO 

Max.f .... 

301 

29.00 

e.m 

2.13§ 

.... 

0.85 

13.57$ 

10.07$ 


1.11 

113 

Aver.f .... 

2S1 

27.82 

£.49t 

2.05§ 

.... 

0.42 

12.40$ 

5.34$ 


0.98 

97 

Philippine . . . 

52 

25.0 

3.1 1 

1.12 

.... 

0.21 

15.77 

0.31 


0.97 

122 

Hawaiian: 












I 

53 

21 .33 

4.07 

2.04 

0.65 

0.29 

16.51 

0.00 

1.63 

0.84 

- . 

II 

50 

24 .82 

5.48 

1.53 

0.55 

0.17 

15.27 

2.8S 

1.22 

0.67 


Cherimoya : 












Hawaiian, . . . 

84 

33.81 

0.86 

1.84 

0.15 

0.09 

15.34 

3.07 

4.29 

0.67 


Hullock’s heart: 












Cuban 

57 

27.87 




0.36 


0.00 


1.04 

110 


* Cc. N'/IO acid per lOO grams fr\iit. samples, t 2 samples. § 3 samples. 


Phosphorus-Organic Compounds. Phytin . — Bagaoisan ^ found 4.53 
per cent, dry basis, in the fruit flesh. 

Mineral Constituents. — Chace ^ found in the flesh of the soursop and 
bullock’s heart 0.86 and 1.04 per cent of ash respectively. His analyses 
of the ash follow : 



K-.0 

CaO 

MgO 

P 2 O 5 

SO3 

SiO. 

Cl 


% 

% 

% 

% 

% 

% 

% 

Soursop 

48,93 

0.44 

2.17 

9.15 

4.54 

1.48 

3.40 

Bullock’s heart. 

49.73 

2,21 

0.66 

6.57 

4,49 


7.40 


lU. S. Dept. Agr., Bur. Chem. 1904, Bui. 87. 

2 Philippine J. Sd. 1913,8, 59. 

3 Hawaii Agr. Exp. Sta. Rep. 1914, p. 62. 

* Philippine Agr. 1932, 21, 53. 

^U. S. Dept. Agr., Bur. Chem. 1904, Bui. 87, 29. 
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SOlfCOYA 

Annona purpurea Moq. et Sesse 

Other names for this fruit are cabeza de negro (negro head) , sencuya, 
and toreta. The tree is seldom seen outside of Mexico, Central America, 
and Panama. Characteristic of the pulp are its highly aromatic odor 
and a flavor suggesting the mango. 

MACROSCOPIC STRUCTURE. — The flouer is much like that of 
the soursop. The fruit is large and nearly spherical with numerous 
pyramidal protuberances, up to 1.5 cm. or longer, grooved on one side 
and hooked at the end. Its surface is brown and felt-like. The pulp 
is of an orange color. The seeds are large, many reaching 3 cm. in 
length. 

MICROSCOPIC STRUCTURE.— The structure differs little from 
that of the soursop. Although the spermoderm is somewhat thicker it 
agrees with the soursop in having no crystals in the subepidermal layer. 

Chief Steuctxjral Charactees. — Fruit large, brown. Seeds large 
(3 cm,). 

Tissues similar to those of the soursop. 

HAMA 

Annona diversifolia Safiford 

The ilama or ilamatzoptl, first described by Safford as being a dis- 
tinct species, has practically the same range as the foregoing species. 
Since it is one of the most delicious table fruits of the genus, the trees 
are being planted by the plant introducers of the Department of Agri- 
culture in the warmer sections of the United Statee. 

MACROSCOPIC STRUCTURE. — The red-brown jf.owers have calyx 
lobes ending in a tuft of rusty hairs, three outer linear or oblong petals, 
and three inner minute petals. The fruit is much smaller and less 
elongated than the soursop, each carpel ending in a more or less distinct 
rounded protuberance, directed toward the apex, the whole being 
covered with a felt-like mass of hairs. The color varies from pale green 
with whitish flesh to pink with flesh similarly tinted. The seeds are 
somewhat longer (up to 2 cm.) than those of the soursop and cherimoya 
and only very slightly flattened. 

MICROSCOPIC STRUCTURE. — As in the sweetsop and bullock’s 
heart, the subepidermal layer of the spermoderm contains monoclinic 
crystals; otherwise the tissues resemble those of soursop. 

Chief Stritctural Characters.— Fruit smaller and less elongated 
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than that of soursop, green or pink. Seed large (2 cm.), only slightly 
flattened. 

Crystals present in snbepiderm of spermoderm ; structure of pericarp 
and seed otherwise much like that of soursop. 

CHERIMOYA 

Annom Chemmla Mill. 

Fr. Anone. Sp. Cherimoya. Ger. Cherinioyer. 

Both Be Candolle and Salford agree in considering this species 
indigenous to the higher regions of Ecuador and Peru. At an early 
date its culture was extended into Mexico and more recently into the 
West Indies and tropical and sub-tropical regions of South America 
and the Old World. Popenoe gives this fruit special prominence because 
of its wide climatic range, delicious flavor, and good shipping qualities 
but as yet the fruit is a rarity in northern markets. 

MACROSCOPIC STRUCTURE, — The flowers are similar to those 
of the ilama but the color is greenish to yellowish. The Jruit is about 
the size of that of the soursop, but is of a lighter green color and the 
surface varies in the different varieties from nearly smooth to strongly 
tuherculate. Safford ^ classifies the seedling cherimoyas under five 
heads: finger-printed (im'preasa) , smooth (l^vis), tuherculate (tuber- 
culdtd)^ mamillate {mamillata), and umbonate (umbonata). The seed 
is about the same length as that of the sweetsop (1.5 cm.) but is some- 
what thicker. 

MICROSCOPIC STRUCTURE. — The stiiicture resembles closely 
that of the soursop, crystals being absent in the snbepiderm al Uijer of 
the spermoderm. 

Chief STuxicriJEAL Chaeactees. — Fruit large, light green, smooth 
to tuherculate. 

Minute structure similar to that of soursop. 

CHEMICAL COMPOSmON.^See Soursop. 

BULLOCK’S HEART 

Atinond reiicuJata L. 

Fr. Cachiman. Sp. Anona. Port. Coragao de boi. 

Ger. Ochsenherzapfel. 

From tropical America, where it is indigenous, the bullock’s heart 
has been carried to tropical regions of the Old World, although the 
1 Bailey: Sta,iid. Cycl. Hort., York, 1922. 
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flavor of the fruit is much inferior to that of the other common 
species. 

MACROSCOPIC STRUCTURE.— The outer petals of the flower are 
oblong or linear, fleshy, greenish or yellowish with a purple blotch on 
the inner side at the base; the inner petals are minute. The fruit is 
heart-shaped, up to more than 12 cm. in length, of a red-brown color, 
with a smooth surface more or less distinctly divided into seyeral-sided, 
slightly elevated areoles. Safford states that it is often confused with 
the smooth-fruited forms of cherimoya but is inferior in flavor. The 
seed is quite similar to that of the sweetsop, being 1.5 cm. in length. 

MICROSCOPIC STRUCTURE. — As in the case of the soursop, the 
fruit when fully formed, hut not mellow, has pulp containing a consider- 
able amount of starch, the grains ranging up to 15 in diameter. The 
suhepidermal layer of the spermoderm contains monoclinic crystals. 

CHiEr Structijeal Characters.— Fruit heart-shaped, red-brown, 
smooth. Seed similar to that of sweetsop. 

Starch present in pulp tissues. Suhepiderm of spermoderm with 
crystals. 

CHEMICAL COMPOSmOH.-See Soursop. 

SWEETSOP 

Arinona squamosa L. 

Fr. Pomme-cannelle. Sp. Anona blanca. Port. Pinha. 

Ger. Zimtapfel. 

Other common English names are the custard-apple and sugar 
apple. 

As is true of the bullock's heart, this species is native in tropical 
America but is widely cultivated throughout the tropics. Popenoe 
states that, with the exception of the ilama, it is the best of the tropical 
annonas and that it is more extensively cultivated than any other species. 

It is so commonly grown in India as to have led to the belief that it 
was native. 

Although valuable as a dessert fruit, it is not suited for cooking. Its 
shipping qualities are poor. The fruit pulp is custard-like. 

MACROSCOPIC STRUCTURE. — The flowers resemble those of 
bullock’s heart. The fruit is usually more nearly spherical and smaller 
than in the other common species, seldom exceeding 8 cm., and the 
carpels are more loosely attached to one another. The exposed portion 
of each carpel is rounded or rounded-conical with a groove on the inner 
side, of a greenish yellow color with a bloom. The flattened seed is 
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the same length (1.5 cm.) as that of the soursop but not quite so 
broad. 

MICROSCOPIC STRUCTURE.— The fruit flesh is free from starch 
when fully ripe. In cell structure it shows no marked difference from 
the soursop. Monoclinic crystals are present in the suhepidernial lai/er 
of the spermoderm. 

Chisf SrRTJCTURAii CHiEACTEns. — Fruit spherical, small (8 cm.), 
greenish yellow; carpels loosely attached. Seed (1.5 cm.) flattened. 

Fruit tissues without starch when mellow. Subepiderm of sper- 
moderm with crystals. 

CHEMICAL COMPOSITION.~See Soursop. 

Oil. — Kafuku, Hata, and Fugikawa ^ give the following values for 
the oil from seeds containing water 11.0, oil 14.75, and ash 1.49 per 
cent: specific gravity at 30 CJ. 0.9127, refractive index at 30° C. 
1.4660, saponification number 188.8, iodine number 80.9, acid number 
5.3, and unsaponiflahle matter 0.35 per cent. 

Phosphorus-Organic Compcimds. Phytin . — Bagaoisan ^ reports 

2.85 per cent, dry basis, in the fruit flesh. 

^ J. Chem. Soc. Japan 1934, 56, 375. 

2 PMlippine Agr. 1932, 21, 5S. 



FRUITS OF THE LAUREL FAMILY 

(Lauracese) 

Only one table fruit, the avocado, belongs in this family. Species 
of other genera yield spices or essential oils but the valuable part is flower 
bud (cassia buds), bark (cassia, cinnamon), leaf (bay leaf), or root 
(sassafras) . 

The chief characters of the avocado are its oily mesocarp and large 
starchy embryo. Further details appear in the following description. 

AyOCADO 

Fersea a7n,ericma Mill. = F. gratisdma Gaertn. 

Fr. Avocat. Sp. Ahuacate. Port. Abacate. Ger. Avogado. 

Some botanists consider the common cultivated market types of 
avocado as varieties of the same species, others as belonging to two 
species: P. americana Mill, with thick, leathery or brittle rind, including 
the Guatamalan and West Indian varieties, and P. drymtjolia Cham, 
et Schlecht. with anise-scented leaves and leathery rind, including the 
Mexican varieties. Popenoe adopts the first view in his article in 
Bailey’s Standard Cyclopedia, the second in his Manual of Tropical 
and Subtropical Fruits. In the latter he also mentions two other 
species the coyo or chinini (P. Schiedeana Nees) of southern Mexico 
and Guatemala and yds (P. Pitiieri Mez) of Costa Rica. Growers in 
California and Florida insist on the abandonment of the name alligator 
pear.” 

The avocado, the olive, and the Chinese olive (see Vol. I) are the 
only cultivated succulent fruits in which fatty oil is the characteristic 
and predominating dry constituent, thus sharply differentiating the 
group from saccharine and starchy fruits. The avocado is also richer 
in protein than other fruits but lacks noticeable acidity. 

MACROSCOPIC STRUCTURE. — INTunierous small, greenish, ape tal- 
ons grouped in terminal racemes form the inflorescence. The 

perianth has six lobes in two series. There are nine stamens in three 
series, the inner with nectar glands at the base, and three staminodes. 
The ovary contains a single ovule. 

534 
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The Jruit (Fig. 181) is pear-shaped, ovoid, or nearly ellip- 
soidal, up to 15 cm. or more long. The color is glossy green or 
various shades of yellow, dark red, brown, purple, or nearly black. 
An excentric depressed spot marks the true apex. In cross section 
the cut surface of the fruit flesh (pericarp) shades from the green 
in the thin rind to the cream color or yellow of the uniform oily 
mesocarp. The thin but shell-Hke endocarp is often grown to the 
spermoderm of the large anatropous seed which completely fills the 
fruit cavity. 

On removing the seed the outer spermoderm often remains with the 
endocarp, the inner spermoderm with the embryo. This phenomenon 
gave rise to the statement that in some varieties the spermoderm is in 
two layers. The separation, however, as a study of the histology shows, 
is mechanically through the middle layers of the 
spermoderm where ramify the laphe and its nu- 
merous branches. A similar splitting of the sper- 
moderm takes place when the meat of the cocoanut 
separates from the shell . The embryo is remarkably 
large, often weighing more than lOQ grams. It 
consists of fleshy cotyledons and a small radicle 
directed toward the stem end. 

MICROSCOPIC STRUCTURE.— Owing evi- 
dently to the degree of maturity of the fruit when 
picked, the tissues, particularly those of the endo- 
carp and spermoderm, show perplexing differences 
in structural details. 

Pericarp (Figs. 182 and 183). — Cross and sur- 
face sections of well-matured fruit bring out five 
layers or zones : (1) ej) 2 carp {epi) of polygonal cells, 
often with obvious divdsion by thin walls into 
daughter cells, containing clilorophyl grains; (2) 
hypoderm of ten to twenty rows of medium-sized chlorophyl cells, and 
small oleoresin cavities (r); (3) stone cells (si), often of grotesque form, 
in groups; (4) nesocarj) of loose parenchyma cells, containing much 
fatty oil (ol), oleoresin ca^dties, and fibro-vasciilar bundles; and (5) 
en-docarp (eiid) of curious scleronchyma cells. 

The oleoresin cavities are cell-like in character and the contents 
appear to be solid. The bulk of the fait ij oil is in the mesocarp. Both 
sinuous-walled isodiametric and tangentially elongated cells occur in the 
endocarp, the former being in groups from which the latter radiate. The 
walls are in some parts delicately reticulated, in others porous. This 
layer is cemented here and there to the spermoderm by a brown sub- 



Tin. 181. — Avocado. 
Fruit in longitudinal 
section showing seed 
with endocarp and 
spermoderm partly 
tom away exposing 
the wrinkled cotyle- 
dons. X44. (AT.W.) 
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stance wMch extends also into the cells of both layers, obscuring the 
structure. 

Spermoderm (Fig. 183).— Of the three layers, namely (1) outer 
epiderm, (2) spongif parenchyma, and (3) inner epiderm, only spongy 
parenchyma, through which run the raphe and its numerous branches, 
is well marked and characteristic. 

Part of the spongy parenchyma cells are thin-walled but many of 
them are sclerenchymatized and variously pitted or reticulated. In 
what appear to be immature seeds, the cells 
(sc^) are small, rounded, and show delicate spiral 
reticulations; in fully ripened seeds, the cells 
(sc^) are larger and irregular in shape with rela- 
tively small pores. Cross sections of ripe seeds 
show conspicuously the raphe vessels in fan- 
shaped arrangement. 

Embryo. — Because of oxidases, cut surfaces 


Fia. 183. 

Fig. 182.— Avocado. Outer layers of pericarp in cross section, epi epicarp with 
chlorophyl grains; typoderm with r oleoresin cavity; si stone cells; ol oil paren- 
chyma of mesocarp. X 160. (A.L.W.) 

Fig. 183.— Avocado. Elements of fruit and seed in surface view, epi epicarp 
with chlorophyl grains; sp^ spiral and sccP- scalariform vessels of a mesocarp 
fibro-vascnlar bundle; endocarp; sc^, sclerenchyma cells of spermoderm: 
spiral and sca^ scalariform vessels and y bast fiber of raphe. X 160. (A.L.W.) 

of the cotyledons become a deep orange color on exposure to the air. 
The cells contain a rich store of starch which would make the seeds 
of high food value were it not for the bitter taste. Attempts to 
prepare starch from the seeds of market fruits by grating and elutria- 
tion were unsuccessful, owing perhaps to the immaturity, but the 
deep orange color imparted to the water by the oxidases suggested a 
possible field for research. 

The starch grams (Fig. 184) are ovoid, truncated, triangular, or of 
various curious irregular forms, up to 33 p long, with excentric hilum 




Fig. 182 , 
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and distinct rings. Aggregates, most commonly of two grains, occur 
frequently. 

Chief Structural Characters. — Fruit pear-shaped or ovoid ; rind 
either leathery or brittle or else skin-like; mesocarp yellow or cream color, 
soft, oily; endocarp thin. Seed large; outer spemioderm often adhering 
to endocarp; embryo large, becoming orange on cut surface. 

Hypoderm with ehlorophyl cells and oleoresin cavities; stone cell 
zone beneath hypoderm; mesocarp of oil cells and oleoresin cavities; 
endocarp of characteristic sclerenchyma cells. Middle layer of sper- 
moderm spongy and partly sclerenchymatized: Cotyledons containing 
characteristic large starch grains with excentric hilum. 



Fia. 184. — ^Avocado. Starch 
from seed. X 160. (A.l.'W.) 


CHEMICAL COMPOSITIOlf,— The 

fatty nature of the fruit is brought out by 
quantitative analyses, thus corroborating 
the findings of microscopic examination. 

The results of three French analysts, 

Garcia,^ on Peruvian fruit, Patrault,^ on 
a sample of unknown origin, and De Sor- 
nay,^ on green and ripe fruits grown at low 
and high altitudes in Mauritius, show that 
less than half of the solids were fat. On 
the other hand the results of Jaffa ^ and 
Jaffa and Goss,^ who analyzed respectively 

28 and 83 samples of California fruit, and Stoneback and Calvert,® 
who analyzed the fruit of a Guatemalan variety, Collins, show that fat 
averaged from two-thirds to three-quarters of the solids. The results 
of the authors named appear on the next page. 

A maximum of 7.6 per cent of fat was found by Wardlaw ^ in avocados 
grown in Trinidad. 

Composition of Avocado Seeds. — Weatherby and Sorber® analyzed 
the seeds of varieties of INIexican and Fuerte avocados with results on 
the original basis given in the second table on the next page. 

Changes in Composition During Growth and Storage. — Church and 
Chace ® noted a rapid increase in fat and a decrease in sugars during 


^ Bui. ass. chim. suer. dist. 1907, 24, 516. 

2 Ibid. 1908, 26, 777. 

* Rev. agr. Maurice 1923, 1, 72. 

^ California Agr. Exp. Sta. 1915, Bui. 264, 395. 

6 Ibid. 1923, Bui. 365, 630. 

6 Am. J. Phariri. 1923, 96, 59S. 

7 Trop. Agr. (Trinidad) 1934, 11, 27. 

Sind. Eng. Chem. 1931, 23, 1421. 

9U. S. Dept. Agr., Bur. Plant Ind, 1922, Bui. 1073. 
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Composition ot Atocado Flesh 



Weight 

of 

fruit 

Flesh 

Water 

Pro- 

tein 

Fat 

N-f. 

ext. 

Sugars 

Fi- 

ber 

Ash 


g- 

% 

% 

% 

% 

% 

% 

% 

% 

Garcia 



38.00 

3.79 

34.10 

28.10* 



3.50t 

Patrault 



82.1 

1.2 

8.7 

4.6* 

2,9 


0.5 

De Somay: 










Green, low altitude 



78.03 

1.35 

9.49 

8.96 

1,90 

1.17 

1.00 

Green, high altitude 



86.20 

1.46 

5.81 

4.66 

1.68 

1.17 

0.70 

mpe, low altitude. . 



82.50 

0.87 

8.17 

6.32 

1.22 

1.19 

0.95 

Ripe, high altitude 



86.50 

1.23 

6.96 

3.21 

1,52 

1.15 

0.95 

tJaffa. 










Min 

92 

43 

61 .08 

1.30 

9.8 

3.69 



0.60 

Max 

638 

83 

79.66 

3.70 

29.1 

16.17 



1.93 

Aver 

197 

66 

69.16 

2.08 

20.10 

7.39* 



1.26 

J. and G.: 










Min 

79 

53 

58.71 

1.14 

9.78 

2.59 



0.64 

Max 

926 

86 

82.31 

4.39 

31.60 

10.00 



1.94 

Aver 

347 

€8 

70.56 

2.10 

20.06 

5.95 



1.32 

S. and C 



66.00 

1.21 

25,26 

6.44t 



1.09 


* Includes fiber, f Carbohydrates. 


Composition of Avocado Seeds (Weatheibt and Soebee) 



Water 

Pro- 

tein 

Fat 

K-f. 

ext. 

Sugars, 

reduc- 

ing 

Su- 

crose 

Starch 

Pento- 

sans 

Arabi- 

nose 

Fi- 

ber 

Ash 

i 

Mexican: 
I 

% 

58.51 

% 

2.38 

% 

0.70 

% 

33.41' 

% 

% 

% 

% 

% 

% 

3.76 

4.14 

% 

1.24 

ir.... 

52.14 

0.91 

2.58 , 

0.92 


1.73 

2.15 

III... 

Fuerte: 

51.86 


1.00 




tlM 





I 

50.56 

2.43 

0.99 


1.60 

0.61 

29.60 

1.64 

2,04 


1.34 

II.... 

49.91 


11.10 







3.65 



development. During storage immature fruit appeared to undergo 
changes similar to those taking place during development, while mature 
fruit changed but little. Fiumerous analyses, reported by Stahl, ^ indicate 
that the oil increases rapidly during the early stages of development 

J Florida Agr. Exp. Sta. 1933, Bal. 259. 
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aad more slowly during the later stages (stored fruit maximum 25.23 
per cent, fresh basis, and 75.73 per cent, dry basis), whereas the reverse 
is true of moisture. Sugars, protein, and ash show slight or variable 
change. 

Proteins. — Three proteins Lave been isolated from the pulp by Jones 
and Gersdorff : ^ I, similar to a globulin, separated from a 10 per cent 
salt solution by acetic acid or by adding ammonium sulphate to 67 
per cent saturation, II obtained from the residue insoluble in salt 
solution by extraction with tenth normal sodium hydroxide in 60 per 
cent alcohol and precipitation with acid, and III obtained by diluting 
the filtrate from IL 

The average ultimate composition of the three proteins, on the water- 
and ash-free basis, was as follows: 



I 

II 

III 

Caibcn 

Hydrogen 

Nitrogen 

Sulphur 

Oxygen 

% 

52.92 

8.24 

15.31 

2.89 

20.64 

% 

56.54 

7.10 

13.43 

2,04 

20.89 

% 

55.43 

7.42 

16.23 

1.89 

19.03 


Ammo acids were determined with the results given in the following 
table : 



I 

II 

HI 


% 

% 

% 

Cystine 

2.03 

1.84 

l.SO 

Tyrosine 

7.01 

4.92 

2.81 

Tryptopbane 

2.12 

0.38 

1.07 

Arginine 

7.94 

4 M 

12.94 

Lysine 

7.06 

6.71 

2.95 

Histidine 

0.59 

2 .04 

0.99 


Determination of the nitrogen, di^^trihution by Van Slyke’s method 
gave for I, II, and III respectively: humiii N adsorbed by lime 3.15, 
7.49, and 5.06; humin N in iiniyl-alcohol-ether extract 0.16, 0.11, and 
0.44; cystine N 1.55, 1.60, and 1,28; arginine N 16.74, 10.67, and 25.51; 
lysine N 8.86, 9.57, and 4.64; histidine N 1.04, 4.10, and 1.64; amino 


1 J. Biol. Cheni. 1929, 81, 533. 
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N of filtiate 60.47, 55.38, and 48.12; non-amino N of filtrate 2.88, 
3.04, and 6.90; and amide N 6.03, 8.91, and 5.35 per cent. 

Oil. — From the dried flesh, Albro^ obtained the oil by extraction 
with low-boiling-point gasoline, filtration through animal charcoal, 
removal of the gasoline with carbon dioxide, and decantation at 5° C. 
Values of the oil appear in the table below : 



Ref. 
index 
25“ C. 

No. 

Sapon. lodiael 
No. No. 

Reicliert- 

Meissl 

No. 

Hehner Acetyl Acid 

No. No. No. 

No. 

Min.. 

1.4664 

65 

177 

85 

3.8 

92.5 

11.3 8 

Max. 

1.4664 

65 

178 

88 

4.0 

92.5 

11.3 12 

The molecular weight of the 

fatty acid was 282.2, the refractive 


index at 40° C. 1.454, the calculated oleic acid 80.85 per cent. Oil 
extracted with petroleum ether from the fresh pulp showed acid values 
twice that of the oil from the dried fiesh, but the other values were 
similar. 

Carbohydrates. — Bertrand,^ through the agency of oxidizing bacteria, 
prepared persmlose from a constituent of the avocado which he believed 
to be perseite and claimed that this was the first reducing heptose 
produced by a living cell. 

La Forge ^ isolated d-mannoketohejitose from the same fruit and 
showed that its configuration is: 

HOCH 2 • HCOH • HCOH . HOCH • HOCH • CO • CH 2 OH 

It is stated that this is the first heptose found in nature and the fourth 
natural ketose isolated. La Forge further showed that the avocado 
contains an alcohol d-perseitol which is the constituent from which 
Bertrand obtained perseulose and that the probable configuration of 
perseulose is: 

HOCH 2 • CO - HCOH • HOCH • HOCH • HCOH • CH 2 OH 

d-Perseite or (x-d-mannohe'ptite (C 7 H 1 CO 7 ), a heptahydroxy alcohol, 
was first found by Avequin ^ in the seed of the avocado. Fischer and 

^ Ann. Rep. Cal. Avocado Ass. 1917, p. 92. 

2 Compt. rend. 1908, 147, 20; 1909, 149, 225. 

^ J. Biol. Chem. 1917, 28, 511. 

< Ann. Chem. Med. Ph. Toxic. 1831, 7 , 467. 
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Passmore ^ prepared it by reduction of d-mannoheptose and established 
its constitution to be as follows : 

CH2OH - HOCH • HOCH - HCOH - HCOE • CHOH • CH2OH 

Weatherby and Sorber ^ show a photomicrograph of crystals of d-per- 
seite obtained by boiling ground avocado seeds with 80 per cent 
alcohol and allowing the extract to stand for one or more days. 

Tannin. — The tannin isolated by Bilger, Young, and Robbins^ 
constitutes 0.07 per cent of the dry matter. A sterol was isolated from 
the oil. 

Phosphorus-Organic Compounds. Phytin. — In P. americana and 
P. americana var. Lyorij Bagaoisan^ found respectively 2.45 and 1.25 
per cent, dry basis. 

Mineral Constituents. — The following ash analysis by Jaffa and 
Goss ® appears to be of the whole fruit and is consequently of chief 
interest in the study of soil depletion: 


KgO 

Na 20 

CaO 

MgO 

Fe 20 s 

Al^Oa 

MdjOs 

P 2 O, 

SO 3 

Si 02 

Cl 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

26.23 

18.55 

4.72 

S.30 

1.61 

2.58 

trace 

17.40 

11.24 

0.50 

14.36 


1 Ber. 1890, 23, 2226. 

2 loc. cit. 

* Hawaii Agr. Exp. Sta. Rep. 1931 , p. 14. 

Philippine Agr. 1932, 21, 53. 

® loc. cit. 



FRUITS OF THE SAXIFRAGE FAMILY 

(Saxifragacess) 

The bush berries of this family belong in the two sections of the 
genus Eibes, (1) Ribes proper or currants and (2) Grossnlaria or goose- 
berries. 

COMPARATIVE MACROSCOPIC STRUCTURE —The flowers are 
five-merous with calyx tubular below, lobed above, and petals alter- 
nating with the calyx lobes on the tube. The inferior ovary is one- 
celled with two parietal placentae and two styles, often more or less 
united. 

After blooming, the perianth persists, crowning the fruit. It is long 
in the gooseberries and black currant (6 or 7 mm.) , shorter in the red 
currant (about 2 mm.). The/m^^ is smooth, excepting the European 
gooseberry which bears prickles. Ten meridian-like bundles are seen 
through the transparent outer fruit tissues. 

As in the pomegranate, the seeds have a succulent outer spermoderm 
which in this genus is also gelatinous. The inner spermoderm is thin, 
enclosing the bulky endosperm. A minute embryo is embedded in the 
endosperm at the base. 

COMPARATIVE MICROSCOPIC STRUCTURE. Pericarp.— The 

epzcarp is of more or less beaded polygonal cells. The prickles occurring 
on the European gooseberry are either blunt-pointed or capitate. Disk- 
shaped glands occur on the black currant. The hypoderm is made up 
of polygonal collenchyma cells and the mesocarp of large polygonal 
cells — in the gooseberry mostly separated hy chains of small cells— 
many containing oxalate rosettes. Both red and black currants have 
a striking endocarp of sclerenchymatous and parqueted cells, while 
gooseberries have an inconspicuous thin-walled endocarp. 

Spennoderm.^ — The cells of the outer epideim are enormously 
elongated in radial directions. Beneath is a parenchymatous tissue, 
then a single layer of crystal cells, with thickened walls, containing mono- 
clinic crystals, and finally an inner epiderm of narrow elongated cells. 

Perisperm. — Structureless. 

Endosperm. — The walls are moderately thick and in the inner part 
knotty-thickened. Aleurone grains up to 10 pt are the visible contents. 

Embryo. — Characterless. 
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COMPARATI7E CHEMICAL COMPOSITIOK.— Berries of this 
group are characterized by high acidity (citric and malic) and high 
pectin content, 

RED CURRANT 

jRzbes vulgare Lam. = Rihes nihrum not L. 

Fr. Groseille. Sp. Grosellero rojo. It. Ribes rosso. 

Ger. Johannisbeere. 

Rehder ^ states that E. vulgar a native of western Europe, is the 
parent of most of the cultivated currants, although some are crosses 
with R. rvbfum L., a species largely restricted to its habitat in central 
and northern Europe and northern Asia. The two species, howev^er, 
are commonly grouped together as R, rubnm, De Candolle giving the 
habitat as northern and temperate Europe, Siberia, and from Canada 
and Yermottt to the mouth of the Mackenzie River, the last-named 
range, credited to Torrey 
and Gray, doubtless refer- 
ring to E. Tuhrum L. var. 
suhglandubsum Maxim. 

Whatever the origin, 
fruits of the principal hor- 
ticultural varieties of both 
red and white currants 
grown in the United States 
agree in morphology and 
microscopical characters. 

The currant is much 
used for jams, jellies, 
preserves, and to a lim- 
ited extent as a dessert 
berry. 

MACROSCOPIC STRUCTURE. — Passing over the characters of 
the ring and anthers, distinguishing the two species, the floirers have 
a five-lobed bell -shaped calyx (shorter than in the gooselxuny ), five 
petals borne on the calyx throat and smaller than the calyx lobes, 
five stamens, and a one-celled inferior ovary with two styles and two 
parietal placentae. 

On ripening, the calyx shrivels and remains attached to the fruit 
(Fig. 185, I), and the ton main bundles running to the floral eiividopes 
form meridian-like lines seen through the tianspareuit tissues, 

^Bailey Stand. Cyd. Hort., New York, 1922. 



Fio. 185.— Rod Currant. I fruit, XI. II fruit 
and soe<l.'^ in cross section, X 1. Ill seed in 
longitudinal section; S outer, 8' inner spernio- 
derin; R raphe; E enduspcriii ; Kni embryo. X S. 
17 seed deprived of gelatinous i-oat, X 1. 
same as IV, X 8. (A.L.W.) 
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seeds (II, III, IV, V), up to eight in number, are anatropous and closely 
crowded. The raphe (R) is visible through the outer transparent sper- 
moderm (;S). A thin inner spermoderm {S^) encloses the endosperm 
(E) in which, at the base, is embedded the minute embryo (Em). 

MICROSCOPIC STRUCTURE.— Blythi and Villiers and Collin 2 
briefly describe certain tissues of the pericarp; Lampe ^ and Wiixton^ 
studied the pericarp and the latter also the seed. 

Pericarp (Tigs. 186 and 187) —Cross sections show four layers, the 
characters of which are seen in surface view; ( 1 ) e^icarp {epi) of more 
or less headed cells and stomata (sto ) ; (2) kypoderm Qiy) of polygonal 
cells larger than those of the epicarp; (3) mesoccrp of large thin-walled 
cells, those in the inner part often with crystal rosettes and flbro- 


cpi B 



Fio. 186. — Red Currant. Outer pericarp in surface view. 
epi epicarp with sto stoma; Jiy hypoderm; B fibro- 
vascular buadle seen tlirough outer tissues. X 160. 


vascular bundles 
(B); and (4) mtZo- 
carp (Pig. 187) of 
parqueted scleren- 
chyma cells charac- 
teristic of the currant 
group. 

Sp ermoderm 
(Fig. 188, E] Tig. 
189).— Four strik- 
ingly different layers 
are present : (1) outer 
epiderm (aep) of mu- 
cilaginous cells, often 
more than 600 high 
at apex; (2) paren- 
chyma (p) several 


(AX.W.) 


cells thick; (3) brown 


crystal cells (fc, K) 

with thickened inner and radial walls each with a single monoclinic 
oxalate crystal; and (4) inner epiderm (iep) of narrow, longitudinally 
elongated cells. 


Perisperm (Fig. 188, V).— In cross sections, a narrow band of com- 
pressed cells, about 10 /t thick, is seen between the spermoderm and the 
endosperm. This is perisperm. 


^ Foods, etc., London, 1896, p. 162. 

2 Traite Alter. Fals. Subs. Aliment., Paris, 1900, p. 828 
® Z. Katurwiss. 1886, 59, 295. 


* Z. Unters. Nahr.-Genussin. 1902, 6,786; Connecticut Agr. Exp. Sta.Eep. 1902 
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Endosperm.—Cells with rather thick walls (about 2 to 3 ft), con- 
taining aleurono grains up to 10 ju, constitute the endosperm. In the 



G. 187.— Eed Curmnt. Endocarp in surface view. X 160. (AE.'W.) 

outer part (Figs. 138 and 189; E), the cells are somewhat radially 
elongated with uniformly thickened walls, but in the center (Fig. 190) 



Fig. 188.— Red Currant. Seed in cross section. S spermoderm : aep outer epi- 
dorm, p parenchyma, k crystal layer, and iep inner epiderm. N perisperm. E 
endosperm. X 300. (AX.V.) 
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they are isodiametric with remarkable knotty thickenings at the angles 
and often in the middle of the walls. 

Chief STRUCTURiLL Chara-CTERS.— -Berry globular, crowned with 
short calyx ; main bundles ten; seeds several Seed with gelatinous outer 
spermoderm, bulky endosperm, and minute embryo. 

Epicarp of polygonal cells with beaded medium-thick walls, non- 
beaded thin walls, and stomata; inner mesocarp with crystal rosettes; 
endocarp of parqueted sclerenchyma cells. Outer epiderm of sper- 
moderm of mucilaginous cells up to 600 im high; third layer of crystal 
cells with thickened membrane. Endosperm of thick-walled aleurone 
cells, knotty thickened in center of the seed. 



Fig. 189. 



Fig. 1^0. 


Fifl. 189. — Red Currant. Elements of seed in surface view. K crystal layer and 
iep inner epidenn of spermoderm; J? endosperm. X 300. (A-L-W.) 

Fig. 190.— Red Currant. Central portion of endosperm in cross section. X 300. 

<A.L.W.) 


CHEMICAX COMPOSITION.—Kuliseh,! Ystgaard ^ Munson, Tol- 
man, and Howard,^ and Olig^ appear to have analyzed the whole 
fruit, but doubtless with the stem excluded; Girard analyzed the pulp. 
Hotter ^ analyzed the pulp of 4 samples of red and 2 samples of white 
Austrian currants. See tables next page. 

Composition of Currant Juice. — The three authors who have made 
outstanding contributions to the composition of the juice, quoted 

^ Z. angew. Chem. 1894, p. 148. 

^Tids. NorsFe Laiidbr. 1902, 9 , 125. 

^U. H- Dept. A^r., Bur. Chem. 1905, Bui. 66 rev. 

^Z. Unters. N'ahr.-Genussm. 1910, 19 , 558. 

^Min. Aji;!’. France Bill. 1898, 17, 1523. 

® Z. landw. Versuchsw. 1906, 9, 747. 
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Composition of Cfbrant 



Sam- 

Solids, 

Solids, 

Pro- 

Acids 

Invert 

Su- 

Pec- 

•Ash, 

Ash, 


pies 

total 

insol. 

tein 

citrici 

sugar 

erose 

tin 

total 

till* 





% 

% 


% 

% 

% 

cc. 

Whole fruit 











Kulisch: 











Red 

1 

14.70 


1.44 

2.24 

5.75 



0.59 


White 

1 

17.60 


1.56 

1.77 

6.06 



0.61 


Ystgaard: 

4 










Min 


12.60 



2.30 

3.70 




Max 


16.00 



2.70 

4.30 




Aver 


14.75t 



2.61 

3.94 




Munson et al.: 

1 

12.97 

6.90 

1.37 

2.21 

3.44 

0.00 

o.m 

0.60 

63 

Olig: 

3 










Min 


14.48 



1.75 

5.18 

0.46§ 


0.49 

31 

Max 


16.72 

7.33 


2.18 

6.58 

0.461 


0.66 

47 

Aver 


15.29 

6.16 


1.90 

5.74 

0.46§ 


i 0.57 

38 

Pnlo 









i 


Girard: 









i 


Red II 

1 

24.91 


0.20 

2.67 

5.96 

0.18 

0.32 

0-49| 


Whited .... 

1 

21.15 


0.28 

2.46 

6.06 

1.04 

0.34 

0 51! 



’*Cc. iV/10 acid p€r 100 grams of fruit, t3 Bumples. 5 Aletihcl precipitate. §1 suniplc. 
II Ptjlp 85.54 , skin 4.06, seeds 10.40; fiberinpulp l.2S^. * Puip 88.71, skin .‘i .(>5, seeds 0.64; fiber 

in pulp 1.15% . 


Composition of Austrian CuRRAiNTs (Hotter) 



Solids,! 

total 

Solids, 

insoL 

Ex- 

tract 

.\.cids 

J1S 

malic 

Sugars, 
total * 

De.x- 1 
trose 

hevu- 

lose 

Sii- 

enise 

Tan- 

nin 

Ash, 
total t 


% 

%> 

Yc 

% 

% 

% 

% 

% 

% 

/o 

Red: 











Min.. . 

12.8 

5,8 

8.0 

1.7 

2.8 

l.lf 

1-6| i 

o.i§ 

o.os 

' 0.59 

Max. . 

17.4 

6,9 

10.6 

2.5 

6.9 

1.2| 

2.81 

0.1§ 

0,12 

1 0.73 

White: 











Min.. . 

15.1 

7.4 

8.9 

2.0 

4.4 

1 .9 

2.5 

0 .6§ 

! 0 11 

0 55 

Max... 

16.2 

7.5 

10.3 

2.5 

5.3 

2.6 

2.7 

0,6§ 

1 0,17 

0,65 


* As invert, t Phosphoric acid: red 0.10 to 0.14'i^ii; white O.IU tu 0-13',., 3 samples. §1 

sample. 


below, chose sadly tlissiniilar forms of presentation. Ivreinbi ' ^ives 
results in percentage of the juice, Eiiiecke - in grams pt‘r 11)0 grams of 

1 Z. Nahr. Hyjr. Waar. 1892, 6, 483. 

2 Landw. Yere.-Stut. 1897, 48, 131. 
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the fruit, and Windisch and Schmidt ' in grams per 100 cc. of the 


juiee. 

Composition of Cxjbr^t Juice 



Sam- 

ples 

Sp.gr. 
15° C. 

Solids 

Pro- 

tein 

Acids 

as 

citric 

Invert 

sugar 

Su- 

crose 

Ash, 

total 

Ash, 

alk.* 

Rremla: 
Min 

9 

1.040 

9.90 

0.26 

2.11 

4.61 


0.36 


Max 


1.064 

15.70 

0.71 

3.33 

8.22 


0.76 


Aver 


i.m 

12.71 

0.44 

2.58 

6. SI 


0.62 


Einecke: 

Min-t - . 

24 


7.62 

0.06 

1.60 

4.22 

0.04 

0.37 


Max.f.. . 



13.08 

0.77 

2.68 

9.16 

0.08 

0.70 


W. and S- : 
Min.f . . . 

16 

1.036 

9.31 

0.20 

1.78 

5.27 


0.37 

38 

Max.h. . 


1.056 

14.56 

0.50 

2.37 

9.45 1 


0.58 

59 

Aver.f... 


1.045 

11.65 ' 

0.34 

2.11 

6.90 1 


0.48 

49 


* Cc. N/IO acid per lOO cc. of juice, t Pomac© 15 to 4i%. ^ 'Tannin 0.08 to 0.10, aver. 0 . 09 % . 


Composition of Currant Seeds. — As analyzed by Alpers,^ tlie seeds 
contain: water 11.42, protein 14.92, fat 23.64, nitrogen-free extract 
24.41, fiber 22.83, and ash 2.78 per cent. 

Fatty Oil of Seed. — The values of the oil expressed from the seed 
by Alpers^ follow: specific gravity at 15° C. 0.9288, refractive index 
at 25° C. 1.4772, solidifying point below —20° C., saponification number 
194.5, iodine number (Hiibl) 169.8, Reichert- Meissl number 0.55, 
Polenske number 0.5, Hehner number 95.59, acid number 12.9, and 
unsaponifiable matter 0.64 per cent. Obviously the oil must be classed 
with the drying group. 

Seeds of ISTorwegian red currants, examined by Jermstad,^ yielded 
20.4 per cent of fat soluble in ether with the following values : specific 
gravity at 15° C. (le calculated) 0.9343, refractive index at 25° C. 
1.4783, saponification number 193.3, iodine number 176.3, ester number 
190.2, acid number 3.1, and unsaponifiable matter 1.8 to 2.3 per cent 
of which 1 per cent was phytosteroL The chief fatty acid of the glycer- 
ides was linoleic; about 5 per cent of palmitic and stearic acids and 
small amounts of oleic and linolenic acids were also present. 

Respiration. — Gore,^ operating with 2 consecutive day's runs of a 

^ Z. Unters. Nahr.-Genussm. 1909, 17, 584. 

2 Ibid. 1916, 32, 499. 

3 J. pharm. chim. 1931, [8], 13, 243. 

* IT. S. Dept. Agr., Bur. Chem. 1911, Bui. 142. 
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siagle variety, noted a maximum evolution of 56 mg. of carbon dioxide 
per kilo per hour at 30.2° C. and a minimum of 5 mg. at 0.8° C. 

Acids. — Truchon and Martin-Claude/ Kiinz and Adam/ Chauvin, 
Jonlin, and Cami/ and Muttelet ^ agree in tbeir conclusion that citric 
acid is the only acid present in red and white currants in appreciable 
amount. Bigelow and Dunbar,^ who review the literature, report 
determinations by Fitzgerald and by Dunbar showing, in the variety 
Prince Albert, citric acid 3.37 and malic acid 0.71 per cent, in other 
varieties citric 1.98 to 2.58 together with malic up to 0.11 per cent or 
none. 


Mineral Constituents. — ^Analyses made at the Massachusetts Agri- 
cultural Experknent Station® and compiled by Haskins follow, the 
results being in percentages of the fresh fruit: 



Water 

Ash 

K*a 

NajO 

CaO 

MgO 

P2O5 


% 

% 

% 

% 

% 

% 

% 

Red 

87.1 

0.41 

0.19 

0.02 

0.08 

0.03 

0.09 

White 

.... 

0.59 

0.31 

0.02 

0.10 

0.03 

0.11 


Minor Mineral Constituents. Tron . — ^Red currants 7.0 mg. per kilo, fresh basis 
(Peterson and Elvebjem).’ 

Ahiminiim. — Red cuirants 15, white currants 28 lug. per kilo, dry basis (Bertrand 
and L6vy).® 

Zinc , — Red currants 2 mg. per kilo, fresh basis (Bertrand and Beuzon).® 

BLACK CURRANT 

Rihes nigrum L. 

Fr, Groseille noire. Sp. Grosellero negro. It. Ribes nero. 

Ger. Schwarze Johannisbeere, 

This European berry is not extensively grown in the United States, 
although it makes jams and jellies of peculiarly delicious flavor and the 
plant is of vigorous growth, the secretion of the glands repelling the 
currant worm. 

^ Ann. chim. ana.!. 1901, 5, 85. 

^Z. Unters. Nahr.-Geniissm. 1906, 12, 670. 

3 Mon. sci. 1908, 69,449. 

^Ann.fals. 1909,2, 383. 

6 J. Iiid. Eng. Chem. 1917, 9, 762. 

« 1919, Spec. Bill. 

7 J. Biol. Chem. 1928, 78, 215. 

® Compt. read - 1931, 192, 525. 

® Bui. soc. hyg. aliment. 1928, 15, 457. 
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MACROSCOPIC STRUCTURE, — The calyx is about 7 mm. long 
(longer than in red currant) with reflexed lobes. Numerous hairs 
clothe the outer surface of the calyx lobes, also the inner surface at 
the tip, but none occur on the cal}^^ throat, the petals, or the style, 
all of which are hairy in the gooseberry. The styles are united for at 
least three-fourths their length. 

MICROSCOPIC STRUCTURE— Meyen^ describes the glands on 
the leaf, which are like those on the fruit, Lampe ^ describes the peri- 
carp, and Winton^ pictures a gland. 

Calyx. — The hairs are thin-walled, crooked, blunt-pointed, up to 
600 /X long, resembling those of the raspberry. 



Fig. 19L-— Black Currant, epi epicarp with d gland in surface view. X 160. 

(AJL.W.) 

Pericarp (Fig. 191).— The structure is like that of the red currant 
except that volatile oil glands (d) occur on the epicarp (epi). These 
are disk-shaped, often exceeding 150 y in diameter, consisting of a 
single layer of cells on a short several- celled stalk. As noted by Meyen, 
the yellow secretion of essential oil is in the cavity formed by the separa- 
tion of the cuticle from the cells. Glands of like character occur on 
the hop plant. Because of the contents of these glands, leaves and 
fruit have a characteristic spicy odor. 

^Secretionsorgane der Pfla^nzen, Berlin, 1837- 

2 Naturwiss. 1886, 69, 295. 

3Z. Fnters. Nahr.-Geniissm. 1902, 5, 785; Connecticut Agr. Exp. Sta. Rep. 1902, 

p. 288. 
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Speraioderai, Endosperm, and Embryo, — As in red currant. 

Chief Strectural Characters.— Fruit black. Calyx 7 mm. 
long, hairy except in the throat. Styles smooth. Seeds as in red currant. 

Calyx hairs thin-walled, crooked, blunt. Epicarp with disk-shaped 
glands. Otherwise as in red currant. 

CHEMICAL COMPOSITION.— In the fruit, Kulisch^ found: 
water 79.00, acids as citric (recalculated) 3.76, invert sugar 9.45, ash 
0.951, potash (K 2 O) 0.343, lime (CaO) 0.156, magnesia (MgO) 0.050, 
and phosphoric acid (P 2 O 5 ) 0.132 per cent. 

Analyses of the pulp of 2 samples of Austrian black currant by 
Hotter 2 show the following range : 


CoMposiTioisr OF Buack Currant (Hotter) 



Solids, 

total 

Solids, 

insol. 

Ex- 

tract 

Acids 

as 

malic 

Sizars, 
total* 1 

Dex- 

trose 

1 

LevTi-j 
lose 1 

Su- 

crose 

Tan- 

nin 

Ash, 

totalf 


% 

% 

% 

% 

% 

% 

% 

% 

% ‘ 

% 

Min 

20.7 

7.1 

14.1 

2.3 

7.3 

3.3 

4.0 

0.2 

0.33 

0.63 

Max 

20.9 

8.1 

15.2 

3.4 

7.9 

3.5 

4.4 

0.4 

0.41 ^ 

0.87 


* As invert, f Phosphoric acid 0.12 to 0.15%. 


Respiration. — Gore,"^ working with 3 consecutive day’s runs, noted 
a maximum evolution of 163 mg. of carbon dioxide per kilo per hour 
at 30.6'’ C. and a minimum of 9 mg. at 1.2° C. 

Acids. — Triichon and Martin-Clan de ^ and Chauvin, Joiilin, and 
Canu ^ report only tartaric acid. Muttelet ® found citric acid together 
with only a trace of tartaric acid; later" he found 3.50 per cent of 
citric acid. Results by Guillaume and Adnot ^ show that the maximum 
content of citric acid by Muttelet’s method occurs in the half-ripe fruit. 
In the fully ripe fruit about 3 per cent is present. 

Carbohydrates. — Guillaume and Adnot ^ found that the average 
sugar content at maturity was a little less than 2 per cent, increasing 
to over 4 per cent during over-ripening. 

aiigew. Chem. 1894, p. 148. 

“Z. landw. Versuelisw. 1906, 9,747. 

II. S. Dept. Agr., Bur. Cheni. 1911, Bui. 142. 

^ Ann. chim. anal. 1901, 6, 85. 

^Mou. sci. 1908,69,449. 

6 Ann. fals. 1909, 2, 383. 

^ Ibid. 1922, 15, 453. 

8 Ibid. 1933, 26, 75. 
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AMERICAN GOOSEBERRY 


Ribes Mrtellun Michx. = B, oxycanihoides not L. 


The description which follows is of the Downing, probably a hybrid 
with the European gooseberry {R, Grossulana L.). 



Fig. 192.— American Gooseberry. I whole 
fruit. X 1. II fruit with seeds in cross 
section. XI. Ill seed deprived of gelat- 
iuous coat. X 8. (A-L.T.) 


MACROSCOPIC STEUC^ 

TURE.—The reddish herry 
(Fig. 192, I) is smooth, 1 to 2 
cm. in diameter, being larger 
than red currant with longer 
calyx (6 mm.) and style. Ex^ 
cept for the throat, which is 
densely pubescent (Fig. 193), 
and the apex with a few short 
hairs, the calyx is nearly smooth. 
R. hiriellnm is stated by Rehder ^ 
to have glabrous sepals and 


rarely stalked glands on the 
fruit. The two styles are densely pubescent. Prickles are absent on the 
fruit, although it is quite possible that they may occur on some 
hybrids with the European species. 



Fig. 193.— Americaa Gooseherry, Floral parts. X 5, (AIW) 

Fig. 194,-Americaii Gooseberry. Epiderm mth hairs from margm'of calyx 
X160. (AJL.’W.) 


The (Fi& 192, 11, III) is larger than the currant seed, owing 
c lefly to the thicker outer (gelatinous) spemioderm which reaches 


^Bailey: Stand. Cyel. Hort., New York, 1922, 
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2 mm. Freed from this outer coat, the seeds of the two are about the 
same size, although the gooseberry seed is a little narrower and more 
terete. 


MICROSCOPIC STRIJCTIJRE. Periajith (Fig. 193). — After bleach- 
ing with Labarraque solution and staining, the withered floral parts are 
readily studied. A prominent midvein is present in each calyx lobe and 
petal. About four secoTidary veins parallel with 
the midvein are also present in each calyTc lobe. 

The epidermal cells of the calyx are somewhat 
elongated, arranged end to end in rows; at the 
apex the walls are wavy and short hairs are present 
(Pig. 194). The hairs on the calyx throat are 
straight and wary up to 1 mna. (Pig. 195). All the 
hairs have thin walls. 

Pericarp. — The epicarp and hypoderm differ little 
from those of the red currant, but the mesocarp 
cells are larger, reaching 500 p, and are separated, 
except in the inner part, by chains of small cells 
(50 ju). Crystal rosettes abound in the inner part 
and occur also in the outer part. The walls of the 
cells of the endocarp are exceedingly thin and not 
sclerenchymatized. 

Ceiei Stetjctujeal Chaeactees. — Fruit 1 to 2 
cm., globular, reddish. Calyx (6 mm.) persistent, 
densely pubescent in throat, sparingly at tip. Styles 
pubescent. 

Calyx hairs thin-walled, up to more than 1 mm. 

Mesocarp cells large (500 p), separated by chains 
of small cells in outer part; crystal rosettes numer- 
ous; endocarp thin-walled (distinction from red currant). Otherwise 
as in red currant. 

CHEMICAL COMPOSITION.— See European Gooseberry. 



Fig. 195. — American 
Gooseberry. E p i - 
derm with, hair from 
throat of calyx. 
X 150. (AX.V.) 


EUROPEAN GOOSEEERRY 

Eihes OrosBularia L. 

Fr. Groseille verte. Sp. IJva espin. It. Uva spina. 

Ger. Stachelbeere. 

Gooseberries as grown in England and continental countries often 
reach several centimeters in diameter and are of delicious flavor. The 
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wild form occurs in parts of Europe, Asia, and northern Africa. Owing 
to a mildew, exotic varieties do not thrive in the United States so well 
as those derived from native species, or hybrids of these with the 
European species. 

MACROSCOPIC STRUCTURE.— The lerry is usually larger than 
the American gooseberry, but is chiefly distinguished by the presence 
of soft prickles. 

MICROSCOPIC STRUCTURE. — Except for the presence of prickles 
(Tig. 195), the structure is like that of the American gooseberry. Some 
of the prickles are blunt-pointed, others have 
a globular head suggesting that they are glan- 
dular in their nature. They often exceed 2 
mm. in length. The epidermal cells are elon- 
gated quadrilateral, arranged end to end in 
rows, passing at the base into the isodiametric 
polygonal cells of the epicarp. 

Chief SrEXJcriJEAL Charactebs. — As in 
the American gooseberry, except for the pres- 
ence of prickles. 

CHEMICAL COMPOSITION.— Summa- 
ries of analyses by Kulisch/ Ystgaard,^ and 
Olig^ are tabulated on the next page. 

Analyses by Hotter ^ of the pulp of 8 
samples of Austrian gooseberries, not strictly 
comparable with those in the foregoing table, 
gave as follows : total solids 11.9 to 15.1, in- 
soluble solids 4.0 to 6.7, extract 8.3 to 11.6, 
total sugars as invert 3.3 to 7.4, dextrose 1.2 
to 3.6, levulose 2.1 to 3.8, sucrose 0.1 to 
0.6, acids as malic 1.5 to 2.3, tannin 0.06 
to 0.12, total ash 0.45 to 0.67, and phosphoric acid 0.06 to 0.09 
per cent. 

Composition of Gooseberry Juice.— Analyses of the juice of European 
berries by Einecke " and by Windisch and Schmidt ^ appear on the next 
page. No data are available on the difference in composition of the 
juice expressed from cooked and uncooked berries. 



Fig. 196. — European 
Gooseberry. Prickles with 
and without globular head. 
X32. (AX.W.) 


^Z. angew. Chern. 1894, p. 148. 

^Tids. Norske Landbr. 1902, 9, 125. 

^Z. Untei-s. Nahr.-Genussni. 1910, 19 , 558. 
^Z. landw. Versiichsw. 1906, 9 , 747. 
sLandw. Vere.-Stat. 1897, 48, 131. 

®Z. Unters. Nahr.-Genussni. 1909, 17,584. 
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Composition of European Gooseberry 



Sam- 

ples 

Solids 

Pro- 

tein 

Acids 

as 

citric 

! 

Invert 

sugar 

Su- 

crose 

Pento- 

sans 

Fiber 

Ash, 

total 

Ash, 

alk.* 



% 

% 

% 

% 

% 

% 

% 

% 

cc. 

Kuliseh : i 

2 







! 



Min . . . 


14. SO 

0.88 

1 1.50 

7.31 




0.44 


Max. . . 


15. SO 

0.89 

1.83 

1 7.67 




0.56 


Ystgaard : 

1 

10.48 


i.srt 

5.62 

0.57 

1.17 



Olig: 

5 




1 






Min... . 


9. 95 


1.87 

2.66 

0.10 



0.41 

28 

Max . . . 


14. 17 


2.07 

6.93 

0.27 



0.47 

39 

Aver.. . 

i 


12.00t 


1.96 

4.87 

0.18 

— 


0.43 

33 


'♦'Cc. A^/IO acid per lOO grams fruit, t Citric acid 0.66, malic acid 0.62%. The form in which 
the total acid is calculated is not stated. J Insoluble solids 3.29 to 4.90, aver. 


Composition of Gooseberry Juice 



Sam- 

ples 

Sp.gr. 

IS^C. 

Solids 

Pro- 

tein 

Acids 

as 

citric 

Invert 

sugar 

Su- i 
crose 

Tan- 

nin 

.Ash, 

total 

Ash, 

alkA 

Eineckerf. . 

15 










Min 



7.85i 

13.l€t 

0A5t 

0.631 

0.97 

3.99 

0.01§ 

2.64§ 


0.3U 

0.451 


Max 

W. andS.ill 

19 


1.55 

9.02 



1 




Min 


1.036 

9.26 

0.16 

0.82 

5.72 

0.00 

0.071 

0.32 

32 

Max. .. . 


1.057 

14.69 

0.49 

1 .69 

8.61 

0.83 

1 0.091 

0.60 

1 61 

Av^er. . . . 


1.043 

11.05 

0.32 

1.16 

6.68 

0.38 

0,081 

0.42 

i 

43 

i 


* Cc. A/ 10 acid per 10(J ce. juice, t Hesults iu grams per 100 grams of fruit. Pomace 11 .39 to 
. 1 15 samples. § 18 samples. H Results in grams per 100 ce. of juice. 3 samples. 


Acids. — Ystgaiird,^ Jviinz and Adam - and Bigelow and Dunbar 
agree that both citric and malic adds are present, citric predoniinating. 
Tlie last-named authors quote analyses by Clark and by Fitzgerald 
and Dunbar showing citric 1.72 to 2.63 and malic 0.28 to 2.08 per cent 
in American varieties. Muttelet reports 2.07 and 2.20 per cent of 
citric acid rt'speetively in red and white gooseberries. 


^ hoc. (‘it. 

2Z. Unt(>ns. Nnhr.-Geiui.s.sin. lUOti, 152, 570. 

,1. Iiul. Eiijij. CtuMii. 1917, 9, 752. 
^Aim.fnls. 1922,15,453. 
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Mineral Constituents, — Wolff ^ gives the following analysis in per- 
centages of the fresh fruit: 


Ash 

K 2 O 

NaaO 

CaO 

MgO 

P 2 C 5 

SO 3 : 

SiOs 

% 

% 

% 

% 

7c 

% 

% 

% 

0.38 

0.15 

0.04 

0.05 

0.02 

0.07 

0.02 

0.01 


Minor Mineral Constituents. Iron , — ^Berries 4.7 mg. per kilo, fresh basis 

(Peterson and Elvehjem).^ 

Copper.— Berries 0.8 mg. per kilo, fresh basis (Lindov, ElYehjem, and Peterson). 3 
Ziw . — Berries 1 mg. per kilo, fresh basis (Bertrand and Benzon) 

^ Asehenanalysen. 

® J. Biol. Chem. 1928, 78, 215. 

» Ibid. 1929, 82 , 465. 

* Bui. soe. hyg. aliment. 1928, 16 , 457. 



FRUITS OF THE ROSE FAMILY 

(Rosaceds) 

Of the thirteen tribes into which the species of this large and impor- 
tant family are divided, five are represented by species yielding edible 
succulent fruits as follows: I pomes {Pomem), II strawberries [Pcten- 
tilled), III bramble berries (Evbese), and IV drapes (Prwiese and Chryso- 
balanem). In addition to fruits of the above tribes, the hips of certain 
species of roses of the tribe Ro^ex are preserved in some countries (see 
Rose Hips, Yolunae I), 


L POMES 

[Pamex) 

Pomes, in the generally accepted sense, are rosaceous fruits formed 
by the consolidation of the receptacle with the one- to five-loculed 
ovary, usually crowned by the persistent calyx and stamens. The 
outer fleshy part is believed by some to be calyx tube. 

COMPARATIVE MACROSCOPIC STRUCTURE. Flower.— Nor- 
mally the flower is five-merous with the flve sepals, five petals, and 
(usually) twenty stamens borne at the top of the receptacle. Each of 
the five locales of the ovary contains two or more ovules but usually 
some or all fail to develop into seeds. 

Fruit (Receptacle and Pericarp). — In the medlar, the crown (sepals 
and stamens) is as broad as the broadest part of the fruit; in the other 
pomes it is narrow. All of the pomes are more or less hairy; the apple 
and pear, however, have hairs only around the stem and calyx. All 
but the qaince and medlar, which are borne at the end of the branches 
of the same season, have true peduncles. The fruit flesh, except in the 
apple, contains hard lumps which grit between the teeth, the nature 
of which is considered below. The endocarp or core varies from a 
hard layer, 2 mm. thick in the medlar, to a soft thin tissue in the loquat. 
In the apple, it is tough and parchment-like ; in the pear and quince, 
less strongly developed. 

Seed. — The seeds are not very difierent in the various species 
excepting the loquat, where they are as large as almonds. The sper- 
moderm is brown and leathery, the perisperm and endosperm white 
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and membranous or, in the loquat, lacking. Fleshy" cotyledons and a 
small radicle make up the embryo. 

COMPARATIVE MICROSCOPIC STRUCTURE. Fruit.~In all 
the species but the medlar, the epiderm in surface view clearly shows 
the original thicker cell walls of the mother cells and the thinner walls 
dividing the mother cells into daughter cells. Large cells, up to more 
than 50 /x, characterize the apple (in the crab apple they are smaller) 
and the loquat; smaller cells, up to about 35 jx, the pear, quince, and 
medlar. 

Usually the hairs of the apple are very thin-walled, while those of 
the pear, quince, and loquat are very thick-walled, and of the medlar 
are intermediate, the lumen in the latter case equaling or exceeding the 
walls. Kinky hairs occur in all, hut in the pear moderately wavy hairs 
predominate, except at the two ends. 

Numerous stone cells are present in the fruit flesh of all the pomes, 
except the apple which has none or sometimes a few at the stem end. 
They occur in large groups in the pear and quince, singly or in small 
groups in the medlar, and usually singly in the loquat. Except in the 
medlar, the stone cells have thick walls and narrow lumen. Thin- 
walled 'parenchyma, more or less elongated, radiates from each stone 
cell group in the pear and quince; the parenchyma cells in other parts 
of the main fruit flesh of these two fruits and throughout the main 
fruit flesh of the other pomes are large and sac-shaped, containing 
starch grains which disappear at full maturity. 

The inner fruit flesh consists of spongy parenchyma. Here and there 
throughout the main fruit flesh and especially in the inner fruit flesh, 
omlate crystals are present. In the apple, medlar, and loquat, they 
mostly form crystal rosettes; in the pear and quince they mostly occur 
as single monoclinic crystals or twins. 

k mass of small, thick-walled stone cells makes up the endocarp 
of the medlar, replaced by thick-walled fibers in the apple, thinner- 
walled fibers in the pear and quince, and exceedingly thin-walled, 
elongated cells in the loquat. 

The apple, pear, and quince have masses of suture hairs about the 
slits, formed by the opening of the endocarp sutures into the central 
cavity, also in cracks formed in other parts of the endocarp. These 
are either (1) wart}', in which case they are always jointed and often 
branched, or (2) smooth, either jointed or unicellular. Some of the 
joints of the warty hairs of the apple, less often of the pear, may have 
sclerenchymatous thickenings, but such have not been noted in hairs 
of the quince. The smooth hairs are thin-walled in the apple; many 
are also thin-walled in the pear and quince, but in addition there are 
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thick- walledj unicellular, kinky forms like those on the epiderins of the 
same fruits. 

Spermoderm . — As seen in surface view, the cells of the outer epiderms 
of the apple and medlar are elongated; of the pear, quince, and loquat, 
isodiametrie polygonal Seen in cross section, those of the apple, 
loqaat, and medlar are low; of the pear and quince high, that is 
radially elongated. Secondary mucilaginous thickening is more or less 
evident in all the species and tertiary sclerenchymatous thickening in 
the apple and pear, but not in the quince or loquat. 

All the species but the loquat agree closely in the structure of the 
remaining layers of the spermoderm, as described under apple, the fifth 
layer being of special interest because of the presence of numerous 
minute starch grains. 

Perisperm. — Not evident in the loquat; in the other species it 
forms a layer of compressed cells. 

Endosperm. — A Imrone cells, several thick, and a layer of compressed 
cells occur in all but the loquat. 

Embryo. — Aleurone grains, with globoids, and fat are the visible 
contents, except in the loquat which is unique among rosaceous fruits 
in that the contents are darch grains of the tapioca type. 

COMPARATIVE CHEMICAL COMPOSITION.— In pomes, as well 
as various other fruits, progressive disappearance of starch, incresise in 
sugars, and decrease in acids have been abundantly demonstrated. 
Reducing sugars are present in greater amount than sucrose. Reif ^ 
finds so7'Utol in the common pomes. Malic acid appears to be the only 
acid of the apple and quince; citric acid is present in some varieties of 
pear and may be the chief or sole acid. Tannin and other astringent 
substances occur in variable amounts and add piquancy. The odorous 
constituents of the apple have been isolated. Pectins are particularly 
abundant. Lack of adequate results on fiber, or even insoluble solids 
in the pulp, leaves uncertain the influence of the stone cells of the pear 
and quince on these determinations. 

Seeds of pomes are oily, with rather high iodine number. Atni/gdalin 
is present. 

APPLE 

Pyrus (or Pirns) Mains L. = Mains communis DC. = M. Mains Brit. 

Fr. Pomme. Sp. Manzana. It. Porno. Ger. Apfth 

Most cultivated varieties of apples are believeil to have Ixam d(‘rived 
from the wild hairy apple (var. pumila Henry = var. nuti.s A\tillr, ) of 
Unters. Lebensm. 1934, 68, 179. 
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western and central Europe. Only a few owe their origin to the smooth 
wild apple (var. ^Ivedris L. = Tar. austera Wallr.) of southern and 
eastern Europe and southwestern Asia. 

The cultivation of the apple antedates history; the number of 
varieties is legion; the distribution is over all temperate regions. Long 
search for a seedless and coreless apple has not yet been successful. In 
temperate regions the apple stands first alike as a dessert and cooking 
fruit, and is second only to the grape as a source of juice for use fresh 
or fermented. Dried and canned apples, apple jelly, and ‘^apple butter 
are important commercial produets. Cider vinegar is preferred in the 
United States to all other kinds. 

MACROSCOPIC STRUCTURE. — ^Apple blossoms have normally 
five pointed calyx lobes, five rounded petals (pink beneath), and twenty 
stamens, all borne on the consolidated receptacle and ovary which has 
five locales, each with two ovules. The dried-up calyx, covered com- 
monly on both sides with a felt of hairs, persists on the fruit as do the 
stamens. 

The distinctive characters of the puit are the depression at each 
end, the greater breadth of the depression at the stem end than at the 
calyx end regardless of form (the reverse in the pear), and the absence 
of stone cells in the fruit flesh. The skin over the body of the fruit 
is smooth and lustrous or in the russet varieties dull and rough to the 
touch. Soft hairs, seen under a lens, occur not only on the calyx and 
stem but on the skin of the fruit about them. 

Cross sections of the fruit show ten main bundles running through 
the fruit flesh, and longitudinal sections show that each of these forms 
a loop, beginning at the stem and ending at the calyx. Erom these, 
secondary bundles branch ofi toward the periphery, and from the stem 
other primary bundles with branches pass into the lower part of the 
fruit. 

The htiTidle zone is commonly regarded as the dividing line between 
the receptacle and pericarp. This cannot be strictly true as the bundles 
unquestionably belong to the receptacle and must have tissues within 
them also belonging to the receptacle, since bundles never occur in an 
epiderm. It is indeed quite possible that only the very innermost part 
of the fruit flesh is mesocarp, a thin mesocarp being not unusual in the 
family, for example in the strawberry. 

The core consists of the parchment-like endocarp about the five 
locules, each with two seeds or less. The endocarp often splits at the 
center sutures, thus connecting the locules with each other and the 
central cavity. On the torn edges of the suture, also in cracks of the 
endocarp, a mass of hairs often appears, forming felt-like patches. 
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The seeds are brown, obo^ate, somewhat flattened, pointed at the 
base and rounded at the apex. A. leathery spermodenn, a thin color- 
less perisperm, and a somewhat thicker endosperm form skins about the 
embryo. The cotyledons are ovarand fleshy; the radicle is minute. 

MICROSCOPIC STRUCTURE. — The first eomprehensiv-e study of 
the pericarp and seed was made by Malfatti.^ Howard ^ studied the 
starch of the green pericarp and its disappearance on ripening. 

Stem. — Cross sections show the following zones: (1) epiderm with 
thick cuticle, (2) typical cork ceUSi several thick, (3) colleTiichyma of 
small cells passing into (4) large porous cells of the cortex with inter- 
cellular spaces at the angles, (5) stone cells^ often radially elongated, 
(6) large hast fiber bundles with stone cells in medullary rays, (7) phloem^ 
(8) cambium^ (9) xylem with spiral and spirally reticulated vessels and 
tracheids, also thin-, porous-walled medullary rays, and (10) pith con- 
sisting largely of thick-walled stone cells replacing thin-walled paren- 
chyma. 

Calyx. — Owing to the dense felt of hairs on both the outer and 
inner surface and the dark color, other details of structure are obscured. 
The hairs are like those in the stem and calyx depression described below. 

Fruit (Figs. 197 and 198). — Since this is the consolidated receptacle 
and pericarp, the terms epicarp and mesocarp are not applicable ; in 
their place epiderm and fruit flesh are used. The four layers, as seen 
in surface view, are as follows: (1) epiderm {epi) of thick-walled mother 
cells divided by thin walls into daughter cells (longest diameter up to 
70 ju), interrupted in russet spots by cork cells, also about the calyx 
and stem by long (up to 2 mm.), narrow, flattened, thin-walled, often 
kinky hairs ; (2) hypoderm {hy) of isodiametric cells, several thick, with 
thickened, beaded walls and prominent intercellular spaces at the 
angles; (3) fruit flesh of large sac-shaped cells {p^), in the innermost 
part irregular with numerous intercellular spaces (pr}j fibro-vaseular 
bundles accompanied by elongated sclerenchyma cells (st) and fibers 
(/), and in the stem end occasional stone cells (sd) of various forms; 
and (4) endocarp {end) of crossing sclerenchyma fibers and occasional 
crystal fibers (or-). 

The cells of the epiderm are more or less quadrilateral, often with 
occasional pores. In cross section, a thick cuticle is evident. The 
color of the fruit is due to the contents of the epiderm and hypoderin. 
In green fruit this consists of clilorophyl grains, in red fruit of coloring 
matter in solution which becomes green with alkali. The contents give 
the tannin reaction with ferric chloride. 

1 Z. Nahr. Untere. Hyg. Waarenk. 1896, 10, 265. 

2U. S. Dept. Agr., Bur. Cliem. 1905, Bui. 94, 89. 
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The fruit flesh includes outer flesly tissues belonging to the leceptnele 
and inner tissues belonging to the pericarp. 

Carr6 and Horne, ^ who carried oat histological studies of the tissues 
parallel with the chemical studies on pectins by the senior author (see 
below), state that the pectins are in two portions of the walls: (1) the 
middle lamella and the corresponding layer bounding the intercellular 
spaces and (2) the cell wall complex. They used ruthenium red to dif- 
ferentiate the wall structure, also various solvents such as ammonium 
oxalate, and hydrochloric acid followed by potassium hydroxide to 
dissolve the different forms of pectins, and Schweitzer’s reagent to 
dissolve cellulose. During the early stages, the walls show no differ- 



Fig. 197.— Apple. Elements of fruit in surface view, epi epiderm; hy hypoderm; 

stone cells in vicinity of stem; parenchyma with am starch grains; ps 
spongy parenchyma; cri rosette crystals; g pitted, ret reticulated, sp spiral, and 
an amular vessels, / bast fiber, and st sclereuchyma cell of fibro-vascular bundle; 
end crossing sclerenchyma fibers and crs crystal fiber of endocarp X 160 

(KE.W.) 


entiation on staining, then the middle lamella expands, forming disks, 
crescents, and bands of pectin substances which, on the cellulose being 
dissolved, preserve the original form of the cells. Finally the whole 
network breaks down into globules. 

Immature apples are characterized by the presence of a large amount 
of starch in the hypoderm and fruit flesh. The starch grains (am) 
occur singly or in small aggregates, the former being globular or ovoid, 
up to 15 p or more in length, sometimes with a central cleft. On ripen- 
^ Ann. Bot. 1927, 41, 193. 
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ing, the starch gradually disappears. According to Howard, the dis- 
appearance begins about the core. 

Oxalate crystals (cH), mostly in rosettes, less often in nionoclinic 
prisms, occur in the inner fruit flesh. Typical stone cells, such as are 
characteristic of the fruit flesh of the pear and quince, are usually absent 
in the fruit flesh of the apple but occasionally a few occur in the stern 
end (st^). 7he fibro-vascular bundles of the fruit flesh have spiral (sp), 
annular (au), reticulated {ret), and pitted (g) vessels. Accompanying 



Fig. 198. Pig. 199. 

Pig. 198. — Russet Apple, Hsiirs from ondocarp suture. X 160, (XJB.W.) 
Pig. 199. — Apple. Seed in cross section. S sperinoderm ; ep outer epidemi, / 
fibers, tu tube cells, tr cross cells, am starch cells, iep inner epiderm. N perispenn: 
h hyaline layer, obliterated cells. X endosperm; aleiirone cells, p- coin- 
pressed parenchyma. C cotyledon: aep outer epiderm, inesophyl containiiig aZ- 
aleurone grains. X 160. (K-B-W.) 

the bundles are rod-shaped, pitted, sclerenchyma cells (st) and bast 
flbers (/). 

The endoccirp, in addition to the crossing sclerenchyma fibers ami 
crystal fibers with nionoclinic twins, is characterized by the presiuice 
of curious hairs of several forms (Fig. 198) in the sutures which open 
into the central cavity of the fruit, also in cracks of the endocarp. Some 
are unicellular, blunt-pointed or oven enlarged at the end, with Ihiii, 
smooth walls: others are jointed, the component cells lieing either 
warty or smooth and when warty either with thin walls or with thickened 
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and porous sclerenchyma walls. The jointed hairs with warty cells-— 
the more common form — are often branched. 

Malfatti distinguishes these suture hairs on the apple from those 
on the pear by the presence in the apple of sclerenchyma cells, occurring 
mostly as end members, and their absence in the pear. We hnd that 
neither generalization holds true for all specimens. In large well- 
developed apples of many dessert varieties, the sclerenchyma cehs either 
are entirely lacking or occur rarely and then only as terminals, while 
in smaller and poorly developed fruit from the same tree they may occur 
in considerable numbers. It seems to be true, however, that their 
occurrence in well-developed russet apples (Fig. 198), both as basal and 
terminal cells, is more common. On the other hand, while in specimeng 



Fig. 200 .—Apple. Elements of seed in surface Teiw. Spermoderm: ep outer 
'epiderm, / fibers, iu tube cells, tr cross cells, iep inner epiderm. N' perisperm. 

E endosperm. C outer epiderm of cotyledon. X 160. (K-B,W.) 

of most varieties of pears, the sclerenchyma cells have not been present, 
in one variety at least (Glout Morceau), grown in California and shipped 
east, they occur in abundance as basal, terminal, and intermediate cells. 

Spermoderm (Fig. 199, S] Fig. 200). — Six well-differentiated layers 
are present: (1) onter epiderm {ep) of longitudinally elongated, thick- 
walled cells with mucilaginous thickening without and sclerenchymatous, 
diagonal porous thickening adjoining the lumen; (2) mheptderm (f) 
of broad, thick-walled brown sclerenchyma fibers with diagonal pores; 
(3) tube cells {hi), in loose contact, with brown, walls; (4) cross cells (tr), 
also in loose contact ; (5) starch parenchyma (am) of exceedingly thin- 
walled, polygonal, somewhat transversely elongated cells, containing 
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starch grains about 3 ii in diameter; and (6) inner epiderm (iep) dif- 
fering from the last in that the walls are thicker, brown, and starch is 
abseat. 

Perisperm (Figs. 199 and 200, AT). — A layer with colorless outer 
membrane (k), staining yellow with chlorzinc iodine, and exceedingly 
thin radial walls and inner compressed cells (p^), staining blue, form 
the perisperm. 

Endosperm (Figs. 199 and 200, E ), — This consists of an aleurone 
layer three to six cells thick, with minute aleurone grains, and 
compressed cells (p^). 

Embryo,— The bulky cotyledons (Figs. 199 and 200, C) have small 
isodiametric epidermal cells (aep) and radially elongated inner celh^ all 
containing aleurone grains (aP), reaching a maximum of 10 Pj with 
one or more large glohoids. 

Chief SrETJCTURAn Chakactees. — Fruit various in size, shape, and 
color; calyx (hairy on both sides) and stem in depressions; epiderm 
hairy about stem and calyx, elsewhere smooth (or rough in russet varie- 
ties); fruit flesh crisp; endocarp parehment-like forming five locnles. 
Seed obovate; spermoderm brown, leathery; perisperm and endosperm 
thin, white ; embryo with fleshy cotyledons and small radicle. 

Epidermal cells up to 70 ju (larger than in pear), hairs thin-walled, 
kinky; hypoderm cells isodiametric; fruit flesh cells largely sac-shaped, 
containing starch (15 p) when immature, stone cells only in stem end 
(in other common pomes throughout fruit flesh), oxalate crystals mostly 
rosettes; endocarp fibers strongly thickened, crystal fibers with twin 
crystals ; suture hairs partly smooth, thin-walled, partly warty, jointed, 
with or without sclerenchyina members. Outer epidermal cells of 
spermoderm longitudinally elongated (radially elongated in pear and 
quince), secondary thickening mucilaginous, tertiary thickening scleren- 
chymatous; fifth layer of spermoderm starchy. Endosperm and coty- 
ledons with small aleurone grains. 

CHEMICAL COMPOSITIOIf. — Representative types of American 
apples, including 5 Summer, 2 Autumn, and 18 Winter varieties, as 
analyzed by Browne,^ contained as given in the table on p. 566. 

The approximate average amounts of the constituents not given in 
the table according to Browne are: protein 0.10, oil 0.30, combined 
malic acid 0,20, starch 0, pentosans 0.50, pectin matter 0.40, lignin 0.4:0, 
cellulose 0.90, and undetermined (tannic acid, etc.) 0.30 per cent. 

Hotter,^ in the flesh of 19 samples of Austrian apples, gives results 
ranging as follows: total solids 13.6 to 26.0, insoluble solids 1.5 to 5.7, 

1 Penasylvania Dept- Agr. 1899, Bui. 68. 

2 Z. landw. Yersuchsw. 1906, 9, 747. 
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Composition of Flesh of 25 Varieties of Apples (Beowne) 


Water 


Solids 


Malic SugarSj Invert Su- 
acid* total sugar crose 


Ash 


Summer: 


Red Astrachan 

84.70 

15.30 

1.11 

10.20 

6.67 

3.53 

0.37 

Early Harvest 

83.82 

16.18 

0.87 

11.08 

7.24 

3.84 

0.31 

Yellow Transparent — 

86.17 

13.83 

0.84 

9.89 

7.84 

2.05 

0.27 

Early Strawberry 

84.42 

15.58 

0.76 

9.45 

5.34 

4.11 

0.28 

Sweet Bough 

85.18 

14.82 

0.10 

10.49 

7.51 

2.98 


Autumn: 

Bitter-sweet 

85.70 

14.30 

0.38 

11.59 

7.97 

3.62 

0.19 

Fall Rambo 

83.86 

16.14 

0.61 

11.52 

6.60 

4.92 

0.25 

"Wiiiter: 

Baldwin 

80.36 

19.64 

0.65 

14,51 

7.70 

6.81 

0.27 

King 

84.30 

15.70 

0.48 

11.81 

7.94 

3.87 

0.27 

Golden Russet 

76.64 

23.36 

0.70 

16.54 

11.75 

4.79 

0.32 

Greening 

83.20 

16.80 

0.68 

12.38 

7.11 

5.27 

0.26 

Ben Davis 

85.04 

14.96 

0.55 

10,49 

6.90 


0.26 

N'orthera Spy 

82.69 

17.31 

0.60 

12.95 

9.18 


0.29 

Spitz enbnrgh 

81.28 

18.72 

0.74 

13.96 

8.56 

5.41 

0.30 

Twenty Ounce 

86.54 

13.46 

0.45 

9.87 

7.27 


0.17 

Jonathan 

85.28 

14.72 

0.52 

11.03 

7.40 


0.22 

Canada Reinette 

85.62 

14.38 

0.51 

10.34 

6,60 

3.74 

0.24 

Ranaho 

84.30 

15.70 

0.36 

12.06 

10.32 

1.74 

0.23 

Newtown Pippin 

82.39 

17.61 

0.80 

12.49 

6.36 

6.13 

0.27 

Ewalt 

84.36 

15.64 

0.99 

10.77 

8.13 

2.64 

0.26 

York Imperial 

82.90 

17.10 

0.46 

12.98 

8.65 

4.33 

0.22 

Fallawater (Tulpabocken) 

84.69 

15.31 

0.32 

11.59 

8.51 

3.08 

0.22 

Yellow Bellflower 

81.68 

18.32 

0.74 

13.08 

8.43 

4.65 

0.34 

Sweet Yandevere 

82.25 

17.75 

0.26 

12.66 

8.81 

3.85 

0.30 

Bedford Bed 

84.96 

15.04 

0.66 

10.90 

7.40 

3.50 

0.28 

Average 

83.57 

16.43 

0.61 

11.91 

7.92 

3.99 

0.27 


* Free acid calulated as malic. 


extract 12.1 to 18.0, total sugars as invert 9.5 to 17.4, dextrose 2.5 to 
5.6, le villose 6.5 to 11.8, sucrose 1.5 to 6.0, acids as malic 0.3 to 1.0, 
tannin 0.02 to 0.15, total ash 0.22 to 0.50, and phosphoric acid 0.03 to 
0.06 per cent. 

Somewhat different constituents 'were determined Olig ^ in 5 
samples of European apples as shown the following averages : water- 
soluble matter 10.82, water-insoluble matter 2.16, acids as malic 0.48, 

^Z. Unters. Nahr.-G^nussin. 1910, 10 , 558. 
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reducing sugars 7.95, sucrose 0.28, total ash 0.26, soluble a^h 0.25, 
alkalinity of ash (ec. normal acid per 100 grams of fruit) 2.41, total 
phosphoric acid 0.029, and soluble phosphoric acid 0.021 per cent. 

Composition of A.pple Juice. — A summary of results obtained by 
Kulisch ^ in the analysis of the juice of 23 Tarieties of apples fallows: 

Composition- of Juice op GEHMAJi Apples (Kulisch) 



Sp. gr. 
17.5° C. 

Solids, 

total 

Solids, 
non -sugar 

Acids as 
malic 

Sugars, 

reduring 

Sucrose 



% 

% 

% 

% 

% 

Min 

1.0451 

11.60 

1.33 

0.17 

6.47 

0.75 

Max 

1.0724 

18.82 

4.65 

1.10 

11.02 

6.27 

Aver 

1.0694 

14.83 

2.91 

i 

0.34 

8.71 

3.21 


Thompson and "Whittier,^ in studies of juices of apples, pears, grapes, 
and strawberries, observed an increase in average molecular weight of 
solids, also in osmotic pressure (excepting the strawberry), toward 
maturity. Ionization (excepting the grape) was shown by the depression 
of the freezing point to be high. No appreciable or uniform change in 
the amounts of ash or acid was noted. They tentatively advance the 
theory that invert sugar or a monosaccharide is first formed, later sucrose 
is formed from invert sugar and starch from dextrose, the reactions being 
reversible. Since dextrose is more subject to loss by respiration, levulose 
later predominates. 

The juice of a large number of American and French varieties of 
apples, grown in the Arlington (Virginia) orchard of the Bureau of 
Plant Industry, was analyzed by Caldwell,’^ the results on 7 varieties 
being given on the following page. 

The varieties of the cider type, such as Ainere du Surville, are char- 
acterized by their high astringency, a quality wdiich is quite as important 
for flavor as sugar and acid. The author stresses the importance 
of the Qcid-astringency--si(gar ratio. 

The following analyses of filtered juice of Rome Beauty, Russet, and 
Northern Spy apples were obtained by Carpenter and Smith : ^ pH 3.37, 
3.37, and 3.54; specific gravity at 20° C. 1.054, 1.0706, and 1.054; 
refractive index at 20° C. 1.3534, 1.3596, and 1.3534; solids by Schon- 

1 Uindw. Jalirb. 1892, 21, 427. 

2 Delaware Agr. Exp, Sta. 1913, Bui. 102. 

3 J. Agr. Res. 1928, 36, 289, 391, 407. 

*Ind. Eng. Cliem. 1934, 26, 449. 
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Composition op A.pple Jxjioe op Dipfeeent Vabieties and Yeiaes (Caidweil) 



Solids 

Acids 
as malic 

Sugars,* 

total 

Sugars,* 

reduo- 

ing 

Su- 

crose* 

Astringency 

Total 

Tan- 

nin 

Non- 

tan- 

nin 


% 

% 

% 

% 

% 

% 

% 

% 

Baldwin: 









1920 

12.96 

0.63 

10.11 

8.72 

1.39 


.... 


1922 


0.67 

10.53 

7.36 

3.17 

0.09 

0.03 

0.06 

1923 

16.02 

0.64 

14.96 

9.40 

5.56 

0.13 

0.05 

0.09 

1924 


0.43 

11.48 

7.24 • 

4.24 

0.12 

0.03 

0.10 

1925 


0.42 

10.19 

6,76 

3.43 

0.10 

0.03 

0.06 

Mclatosh: 









1920 


0.42 

9.79 

8.13 

1.66 




1922 

11.36 

0.57 

9.42 

8.03 

1.39 

0.10 

0.06 

0.04 

1923 

13.44 

0.65 

11.34 

8.00 

3.34 

0.12 

0.06 

0.06 

1924 


0.42 

10.40 

7.04 

3.36 

0.07 

0.03 

0.04 

1926 

11.84 

0.37 

9.41 

6.66 

2.75 

0.10 

0.04 

0.06 

Delicious: 









1920 


0.25 

10.60 

9.55 

1.05 




1921 


0.31 

11.69 

7.39 

4.30 




1922 

12.46 

0.28 

10.10 

7.28 

2.82 

0.09 

0.04 

0.05 

1924 


0.22 

10.22 

8.24 

1.98 

0.08 

0.03 

0.04 

Amdre du Surville'. 









1922 

13,91 

0.41 

9.92 

8,98 

0.94 

0.34 

0.21 

0.12 

1923 

13.21 

0.25 

11.34 

9.70 

1.64 

0.74 

0.42 

0.32 

1924 


0.16 

10.98 

8.97 

2.01 

0.44 

0.28 

0.16 

1925 

15.87 

0.18 

12.88 

11.06 

1.82 

0.47 

0.21 

0.26 

Golden Russet: 









1920 

12.39 

0.48 

10.67 

10.28 

0.30 

0.09 

0.03 

0.06 

1922 


0.48 

12.34 

11.01 

1 .33 

0.09 

0.02 

0.06 

1923 

16.46 

0.61 

12.98 

9.43 

3.55 

0.10 

0.04 

0.06 

1924 


0.45 

11.82 

9.00 

2.82 

0.08 

0.03 

0.05 

Yellow Transparent: 





1922 

9.24 

0.68 

7.90 

6.34 

1.56 

0.19 

0.11 

0.08 

1923 

12.17 

1.40 

9.42 

7.35 

2.07 

0.23 

0.09 

0.14 

1924 

9.69 

0.44 

6.08 

5.31 

0.77 

0.14 

0.04 

0.10 

1925 


0.49 

7.53 

5.92 

1.61 

0.08 

0.03 

0.05 

Hogg: 



1922 

13,14 

1.45 

9.51 

6.80 

2.71 

0.20 

0.08 

0.12 

1923 

14.99 

2.26 

13.74 

8.30 

5.44 

0.16 

0.07 

0.08 

1924 


1 .07 

10.04 

6.11 

3.93 

0.13 

0.07 

0.06 

All analyses : 



Min. 

7.63 

0.08 

6.08 

3.37 

0.16 

0.04 

0.01 

0.01 

Max. 

18.33 

2.26 

16.56 

11.94 

7.03 

0.74 

0.43 

0.32 


As invert sugar. 
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rock method 13.5, 17.4, and 1B.5, solids by drying 13.09, 16.88, and 12.75, 
protein 0.035, 0.060, and 0.023, volatile acidity calculated as acetic acid 
0.04, 0.14, and 0.06, total acidity calculated as malic 0.26, 0.70, and 
0.42, levulose 5.76, 4.56, and 5.83, dextrose 3.62, 3.20, and 3.15, sucrose 
2.29, 5.63, and 2.22, calcium pectate 0.132, 0.165, and 0.094; tannin 
0.012, 0.021, and 0.018, non4annin astringency 0.066, 0.100, and 0.085, 
and total astringency 0.078, 0.121, and 0,103 per cent; esters expressed 
in cc. of NflQ KOH per first 200 cc. of steam distillate 0.247, 0.18, and 
0,20. 

By returning to the non-volatile residue the esters driven off during 
steam distillation, a concentrate was obtained which, when diluted, 
resembled closely the original juice. 

Composition of Apple Marc. — ^Bigelow and Gore ^ pared and cored 
Rhode Island Greening apples, pressed out the juice, washed the pomace 
thoroughly with cold water, pressing after each addition, and dried the 
residue at room temperature. Analysis gave the following results: 
protein 3.4B, ether extract 0.74, reducing sugars 1.67, galactans extracted 
by hot water 12.96, pentosans 24.51, pentosans extracted by hot water 
15.50, fiber 30.90 (containing pentosans 2.92), cellulose 40.19 (containing 
pentosans 5.51), and ash 0.95 per cent. ISTo comment is made on the 
relation of the pentosans and galactans of the hot water extract to 
pectins. Accepting recent views on the constitution of pectic acid, the 
mude acid obtained in the analysis, from which the percentage of 
galactans was calculated, was derived in large part from galacturonic 
acid. 

Composition, of Apple Seeds. — As analyzed by Huber,^ the com- 
position of the seeds is shown by the figures giv^en below, in percentages 
of the dry matter. The air-dry material contained: dry kernels 58.44, 
dry hulls 33.53, and dry whole seeds 91.97 per cent. 



[ Pro- 
tein 

Pro- 

tein/ 

pure 

Ainyg- 

dalint 

Fatt 

Leei- 

tlim§ 

! 

Sugars! 1 i 

Pento- 

sans 

Piter 

\ 

Ash 

Kernel 

Hulls.. 

Whole. 

% 

52.81 
11. 12 
37.62 

% 

42,60 

7.66 

27.05 

% 

1,01 

0.07 

0.67 

Yc 

32.70 

8.99 

24.03 

% 

1.25 

0.51 

0.0<J 

/C 

3.26 

3.70 

3.42 

e-’' 

/c 

2 53 

13.44 

6.66 

re 

1 .47 

21 .98 

s .m 

Tc 

4.77 

2. U 
3.79 


* Factor 5.55. f Factor 32.7. J Lecithin- free. § Factor 20, HAsiiiyert. 


‘ J. Am. Chem. Soc. 1906, 28, 200. 
• Landw. Vers.-Stat. 191 1 , 76, 443. 
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Alcohol dissolved four times as much sugar from the kernels and 
eight times as much from the hulls as water. 

Composition of Dried Apples. — Analyses of 3 samples reported by 
Atwater and Bryant ^ show as follows: 



Water 

Protein 

Fat 

N-f . ext. * 

Ash 


% 

% 

% 

Vc 

% 

Min 

8.6 

1.2 

0.1 

48.6 

1.4 

Max 

47.4 

2.5 

5.0 

86.9 

2.7 

Aver 

28.1 

1.6 

2.2 

66.1 

2.0 


* Includes fiber. 


Composition of Apple Flour. — Zago Ogives the following analysis of 
apple flour milled after drying the minced fruit at 55 ° C.: water 5.29^ 
solids 93.71, pectin 7.04, malic acid 1.44, tannic acid 0.45, reducing 
sugars 42.46, sucrose 7.84, and cellulose 8.10 per cent. 

Changes in Composition During Growth and Ripening. — Investi- 
gators who have studied the chemical changes taking place during 
growth have in most instances continued their work through the stages 
of ripening, the transition from one to the other being without sharp 
demarcation. A number have further continued their studies so as to 
include the changes taking place during storage at different tempera- 
tures. In this case also there is a gradual transition from one period 
to the other, since changes begun while the fruit is still on the tree 
continue with modification during storage, the period after ripening 
and before picking being, so to speak, storage on the tree. 

The work of Lindet ^ shows that the acid content diminishes slowly 
during growth, while the carbohydrates increase. Sucrose and invert 
sugar increase throughout growth, but starch reaches its maximum 
when the ripening processes begin, its subsequent gradual disappearance 
being accompanied by an increase in sucrose. The author brings out 
three distinct transformations in the carbohydrates group; (1) the 
hydrolysis of starch with formation of sucrose, (2) the hydrolysis of 
sucrose with formation of invert sugar, and (3) respiration with forma- 
tion of carbon dioxide from invert sugar. 

Browne^ analyzed Baldwin apples on four dates, extending from 
Aug. 7 to Dec. 15, covering the periods of late growth and of ripening 
to over-ripeness, with the results given in the following table: 

* U. S, Dept. Agr., Off. Exp. Sta. 1906, Bui. 28 rev. 

^ Ind. ital. conserve aliment. 1934, 9, 19. 

3 Ann. agron. 1894, 20, 5. 

^Loc. cit. 
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Composition of Apple Flesh at Different Stages of Growth (Browne) 


Very green. 

Green 

Ripe 

Over-ripe. . 


Water Solids 


81.53 18.47 
79.81 20.19 
80.36 19.64 
80.30 19.70 


Acids 
as malic 

% 

1.14 8.03 

10.51 
0.65 14.51 

0.48 14.07 


Su- 

crose 


6.40 1.63 
6.46 4.05 
7.70 6.81 
8.81 5.26 


Starch Ash 


4.14 0.27 

3.67 

0.17 0.27 

0.28 


Sugars, Invert 
total ‘ sugar 


Bigelow, Gore, and Howard,^ in extensive studies on the growth 
and ripening of three varieties each of Summer and Winter apples, cor- 
roborate Browne’s conclusions, although the changes in the case of the 
Summer varieties were somewhat irregular. As shown by tables and 
graphs, the results during the early growth indicate a marked increase 
in iifiwrt sugar, sucrose, starch, and total solids but a decrease in acids. 
These tendencies continued during later growth and ripening, except 
that starch gradually diminished, the loss being manifest in the cor- 
responding increase in sucrose so that the sum of the starch and sucrose 
remained nearly unchanged through a considerable period. The results 
on the flesh of a single Winter variety, Ben Davis, given below illustrate 
in general the changes that take place: 


Composition of Apple Flesh at Different Stages of Growth 
(Bigelow and Gore) 



Weight 

Solids 

Acids 
as malic 

Sugars,"** 

total 

! 

Sugars, 

reducing 

Sucrose 

Starch 



gr. 

% 

% 

% 1 

% 

% 

% 

June 

16 

15.4 

13.63 

1.64 

3.87 ! 

2.35 

0.49 

2.23 

June 

30 

32.5 

13.37 

1.27 

3.74 

3.04 

0.67 

3.03 

July 

13t 

32.1 

13.58 


6.36 

5.09 

1.21 

1 0.72 

July 

28 

58.6 

15.71 

0.89 

5.71 

4.52 

1.13 

3.67 

Aug. 

18 

95.4 

14.92 

0.78 

5.90 

4.3G 

1.46 

3.16 

Sept. 

24 

130.2 

15.05 

0.52 

7.56 

4.83 

2.59 

2.40 

Oct. 

15 

167.9 

14.86 

0.52 

S.60 

5 30 

3.13 

1 46 

Oct. 

23 

149.5 

14.82 


9.60 

5.53 

3.92 

0 94 

Oct, 

30 

178.6 

14.68 

0.43 

9.91 

5.84 

3.87 

0 38 

Nov. 

5 

147.4 

15.73 

0.41 

9.74 

5.83 

3.71 



* As Invert sugar, t Held in icebox .since iireceditiy date. 


^11. S. Dept. A^r., Bur. Clieni. 1905, Bill. 94. 
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Neidig, Colver, Fishturn, and Von Ende^ employ the refractive 
index as a measure of carbohydrate changes and the electrical conductivity 
as a measure of potassium content. They corroborate earlier workers 
who found a rapid increase in invert mgar and starch during growth 
and an increase in sucrose at the expense of starch during ripening. 

No progressive variation in ash, acid) total and reducing sugars, or 
hydrcgen-^ion concentration vi&s brought out in experiments by St. John ^ 
although protein tended to decrease as did also, in the later stages, 
substances insoluble in alcohol and hydrolyzable by acid. 

The results by Archbold ^ show an increase in percentages of total 
solids and soluble carbohydrates, which was slow during the early stages, 
but was rapid after Aug. 5. Total nitrogen and acidity reached their 
peak on June 22 and alcohol-insolvble residue on July 15, both decreasing 
thereafter. 

Haller^s experiments ^ indicate that the softening of apples during 
both ripening and storage is to some extent associated with a change 
of insoluble protopectin to a soluble form, the small amount of pectin 
remaining constant. The amount of pectic constituents, however, does 
not account for differences in firmness of different varieties. 

Relation of Size to Composition. — Results by Kulisch^ point to 
the general rule that the larger the apple the higher the sugar content 
and, in most cases, the higher the acid content. He believes that acid 
and sugar stand in no relation to each other, in opposition to the theory 
that the increase of one is accompanied by the decrease of the other. 

Influence of Climate on Composition.— Climatic factors are believed 
to be largely responsible for the variation in composition of apples of 
the same variety, as shown by Caldwells analyses given in a foregoing 
table. That author,® however, refutes the optimum temperature theory, 
which assumes that each variety requires for its proper development a 
certain mean Summer temperature. Varieties of both high and low 
temperature groups behaved as a unit. The temperature conditions 
favoring high quality, as measured by composition in one group, favored 
also high quality in the others, and all varieties showed more adapt- 
ability to the variations in temperature than is assumed by the optimum 
temperature theory. 

Archbold ^ emphasizes the point that high acid and low sucrose 

^ Idaho Agr. Exp. Sta. Rep. 1917, p. 22. 

2 WasHngtorL Agr. Exp. Sta. 1924, Bui. 187. 

sAnn.Bot. 1928, 42, 541. 

^ J. Agr. Ees. 1929, 39, 739. 

® Tindw. Jahrb. 1892, 21, 427. 

« J. Agr. Ees. 1928, 36, 367. 

’Log. cit. 
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content are correlated with low temperature and lack of sunshine. 
Archbold and LalP note marked differences in the dry weight and 
protein of apples of the same Tariety grown in different localities and 
conclude that environment may exert a greater infiiience on composition 
than variety. 

Influence of Lrrigatioa on Composition. — Two samples of apples 
(Newto^vns) from irrigated trees contained, according to Bradley,^ 
16.17 and 15.23 per cent of total solids, while 2 samples from non- 
irrigated trees contained somewhat more, namely 18.98 and 15.67 per 
cent. On the dry basis, the samples contained total sugars 73.27 and 
78.19 (irrigated), 63.78 and 66.99 (non-irrigated) ; reducing sugars 
44.58 and 47.86 (irrigated), 38.87 and dO.OO (non-irrigated); sucrose 
28.69 and 30.33 (irrigated), 24.91 and 25.99 (non-irrigated); acidity 
3.83 and 5.25 (irrigated), 5.06 and 4.46 per cent (non-irrigated). From 
these results and others it appears that irrigation decreases the per- 
centages of solids in the fruit and increases the various sugars in the 
solids- 

Changes in Composition During Storage.-— Kuhsch ^ followed the 
changes in composition of apples stored in a cellar from early in October 
until early in April. During the first month the content of reducing 
sugars and sucrose increased and of starch decreased markedly, while 
that of acid began a gradual uninterrupted decline. The increase in 
content of reducing sugars and the decrease in the content of acids 
continued until spring, while the sucrose content, as soon as the starch 
supply was exhausted, dropped sharply and continued to decrease 
throughout the experiment. 

Bigelow, Gore, and Howard ^ obtained analogous results with three 
Winter varieties, Rhode Island Greening, Northern Spy, and Winesap, 
in common storage, while in cold storage the losses and gains were of 
the same general nature but at a retarded rate. Results on winesap 
apples appear in the first table on the next page. 

Neidig, Colver, Fishhurn, and Yon Ende ^ could not find any marked 
chemical differentiation between cellar and cold storage apples. 

In experiments conducted by Magness and Diehl, ^ the decrease in 
acidity during storage varied somewhat with the kind of container and 
the wrapping, as shown (recalculated) in the second table. The respi- 

^ Dept. Sci. Ind. Res. Bep. Food Inv-est. Bd. 1930, p. 161. 

2 J, Ind. Eng. Chem. 1911, 3, 496. 

3 Landw. Jahrb. 1892, 21, 871. 

* Loc. cit. 

®Loc. cit. 

6J. Agv. Res. 1924, 27,1. 
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Composition of Apple Fiesb aftee Storage (Bigelow et? al.) 


Storage 

Date 
of anal. 

Solids 

Acids 

as 

malic 

Sugars, * 
total 

Sugars, * 
reduc- 
ing 

Su- 

crose 

Starch 

Pento- 

sans 

Cellu- 

lose 



% 

% 

% 

% 

% 

% 

% 

% 

Ordinary 

1902 
Oct. 6 

15.60 

0,64 

9.81 

7.68 

2.02 

1.51 




Nov. 7ti 

16.92 

0.55 

11.78 

8.23 

3.55 

0.37 

0.75 

1.06 


Nov. 25 

16.02 

0.50 

12.07 

9.74 

2.21 

0.16 

0.73 

0.89 


Dec. 9 i 

17.04 

0.42 

13.16 

11.12 

1.94 

0.00 



Cold 

1902 
Oct- 20 

17.52 

0.66 

11.49 

8.72 

2.63 

1.00 




1903 
Jan. 19 

17.06 

0.57 

11.71 

9.88 

1.74 

0.00 




May 5 

17.35 

0.47 

11.65 

10.63 

1.23 

0.00 




Dec. 17 

16.31 

0.38 

10.65 

9.98 

0.64 

0.00 




* As invert, t On this date the apples contained: total nitrogen 0.033, soluble nitrogen 0.008, 
total ash 0.282, and alkalinity of ash calculated as potassium carbonate 0.195%. 


ration increased with the temperature. At 0° C., 1.97 mg. per kilo of 
carbon dioxide was evolved per hour, while at 18° C. the rate was 16.45 
mg. and at 26° C. was 23.7 mg., the ratio of carbon dioxide to oxygen 
indicating aerobic respiration. 


Acid as Malic in Apples before and after Storage (Magness and Diehl) 




After Storage at 0 ° C. in ~ 

- 


When 

Stored 

Barrel 

Wrapped 

box 

W rapped 
box, oil 
paper 

Unwrapped 

basket 


% 

% 

% 

% 

% 

Pome Beauty: 






1st pick 

0.41 

0.30 

0.31 



2nd pick 

0.34 

0.32 

0.29 

0.2C 


Ben Davis: 






1st pick 

0,56 

0.41 


0.49 

0.52 

2nd pick 

0,55 

0.39 

0.33 

0.38 

0.35 

Dill: 






Lst pick 

0.21 

0.15 

0.12 

0.11 


2nd pick 

0. 19 

0. 13 

0.11 

0.14 


R. I. Greening: 

0.62 

0.52 

0.57 

0.56 
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Carre ^ distinguishes between insoluhU pectin (proiopecitn), the only 
form present during the early ripening, and soluble pectin which gradually 
develops, reaching its maximum when the fruit is fully ripe and decreas- 
ing thereafter. Both forms decrease in over-ripe fruit. He dissolved 
insoluble pectin hy heating in an autoclave with 0.05 normal hydrochloric 
acid. The progressive change in cold storage dijffers from that in ordinary 
storage merely in that it proceeds more slowly. 

In a later paper Carr6 ^ reports results on (1) pectin and pecUnic add, 
both soluble in cold water, (2) pedose extracted by hydrolysis with 
0.0125 normal sodium hydroxide, and (3) pectin substances of the middle 
lamella extracted, after the removal of the preceding forms, by 0.0125 
normal hydrochloric acid. In apples stored at 1° C., the total pectin 
content changed little until May, when it decreased. The percentage 
of soluble pectin increased until March, then remained constant. The 
pectose content decreased until February, then increased and again 
decreased in April. Pectins in the middle lamella showed no change 
until January, when they began to decrease. Total and insoluble pectin 
decreased at the time malic acid decreased most rapidly, owing perhaps 
to the greater activity of enzymes in the weaker acid solution. 

St. John ^ records an increase in sugars and a decrease in alcohol- 
insoluUe and hydrolyzable matter during storage. 

According to Emmett,^ the chemical processes involved in the 
storage of apples and pears are similar, but soluble pectin continues to 
form in the apple at temperatures slightly above freezing, which are 
inhibitory for their formation in the pear. At these low temi>eratures, 
cellulose also appears to he hydrolyzed, whereas in the pear at some- 
what higher temperatures only pectin substances are changed. 

During storage for 6 months in moist air Riviere and Pichard ^ 
noted a loss in weight of 3.33 to 4.55 per cent of which only about one- 
tenth was carbon dioxide. The loss reached 6 per cent in a case where 
the fruit was infested with Moliniafructigena. 

The conclusion was reached by Heller and Overley ^ that the varieties 
Delicious and Jonathan are in the best condition for storage when the 
rapid increase in total siigars ceases, thus allowing the ripening process 
to take place on the tree rather than during storage. The range in the 
increase of sucrose for the two varieties during a six weeks' period, 

^ Biochem. J. 1022, 16, 704. 

2 Ann. Bot 1025, 39,S11. 

^ Loc. cit. 

^ Dept. Sci. Ind. Res. Pood Impest. Bd. Eep. 19*25/6, p. 47. 

s Bui. soc. chim. 1926, 39, 802. 

® Washington Agr. Exp. Sta. 1926, Bui. 206. 
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beginning two weeks before and four weeks after tlie usual time of 
harvesting, was respectivelF 182 and 80 per cent. 

Plagge, Maney, and Gerhardt,^ in experiments with Grimes apples, 
showed that ripening, whether on the tree or during storage, was cor- 
related with a loss of water, acid, dextrin, starch, and substances hydrolyzed 
by acid and a gain in specific gravity, sugars, and soluble pectin. After 
holding in cold storage, the composition was practically the same, 
regardless of considerable difference in the degree of ripeness when 
picked. Plagge and Gerhardt ^ traced the changes in total (titratahle) 
acidity and H-ion concentration of Grimes and Jonathan apples under 
various storage conditions. Although the total acidity declined in some 
cases as much as 3.5 per cent between the second and fourteenth day 
after picking and before storage, the greatest change in H-ion concen- 
tration was only pH 0.26. During storage further losses of total acidity 
took place hut the tendency was toward uniformity at a given storage 
temperature, that is, the total time after picking rather than the time 
of storage appeared to be most significant. An increase in storage 
temperature lowered the total acidity. To prevent soggy breakdown, 
immediate storage or storage at a temperature high enough to 
permit loss of acidity at a more favorable and rapid rate is recom- 
mended. 

Archhold ^ and Widdowson^ give chemical data beginning after 
three weeks^ development when the dry matter contained alcohol- 
insoluble substances, including acids, 38 per cent and sugars 15 per cent. 
The period of starch synthesis extended from the middle of June until 
the end of October, the maximum of 1.5 to 2.0 per cent being reached in 
mid-Summer when the alcohol-insoluble substances and acids fell to 
17 per cent and the sugars rose to 55 per cent. During final ripening, 
hydrolysis of most of the starch was effected, the alcohol-insoluble 
substances and acids fell to 14 per cent, and the sugars rose to 80 per 
cent. During storage the remainder of the starch was hydrolyzed, the 
sucrose was inverted, and the acid and alcohol-insoluble substances 
slowly diminished; however, remained nearly Constantin amount 

throughout the period. Widdowson notes the presence of a polyuronide 
and a polysaccharide, both yielding arabinose on hydrolysis and con- 
sequently classed as hemi celluloses. These, as well as pectin, increase 
during ripening to the maximum amount which remained constant 
during storage. 

1 Iowa. Agr. Exp. Sta. 1926, Res. Bui. 91. 

2 Ibid. 1930, Res. Bui. 131. 

s Ann. Bot. 1932, 46, 407. 

< Ibid. p. 597. 
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The storage life of tlie apple, according to Kidd, Onslow, and West,^ 
varies inversely with the nitrogen and sucrose content, the sucrose being 
the probable substrate iu the respiration, but directly with the available 
potash in the soil. The rate of loss of sucrose increases, its hydrolysis 
decreases, during storage. 

Respiration. — Bigelow, Gore, and Howard ^ showed that respiration 
is much more rapid in the cellar than in cold storage at 0° C. 

Morse ^ emphasizes the importance of a low temperature during 
storage, thereby diminishing the respiration. In his experiments, 
Summer temperature brought about four to six times as rapid an 
evolution of carhon dioxide as cold storage. 

Gore,^ operating with 5 varieties of apples, noted a maximum evo- 
lution of 65 mg. of carbon dioxide per Mlo per hour at 34.1° C., and a 
minimum of 3 mg. at 2.5° C. See also Magness and Diehl above. 

Water-Core. — ^This term is applied to a glassy appearance extending 
throughout the fruit or only in parts. The intercellular spaces instead 
of containing air are filled with the fruit juice. Commonly this condi- 
tion is attributed to an excess of water in the soil 

Paris ^ employed both histological and chemical methods in his 
search for the cause of the disease. Analyses show an excess of water 
in water-core (^'glassy ^0 ^ppl^s, also an excess or deficiency of other 
constituents as appears in the following table: 


Composition of Watee-Core and Normal Apples (Paris) 
(Results on dry basis) 



WAter, 

fresh 

basis 

Pro- 

tein 

Acids 

as 

malic 

Sugars, 

reduc- 

ing 

Su- 
crose { 

Pento- 

sans 

Cellu- 

lose 

Ash 


% 

% 

% 

% 

% 

% 

% 

I % 

Crop of 1909: 









Water-core.. . 

87.20 

0.63 

0.85 

50.33 

6.84 

4.02 

12.62 

1.59 

Normal 

83.45 

0.75 

0.91 

53 85 

11 .52 

6.07 

8.45 

1-30 

Crop of 1913: 









Water-core. . . 

86.89 

0.57 

0.95 

49.14 

11.72 

4.60 1 

11.57 ’ 

1.69 

Normal 

82,38 

0.68 

1 

2.14 

51.09 

18.32 

5.22 

7.61 

1 .40 


^ Dept. Sci. lad. Res. Rep. Food Inspec. Bd. 1929, p. 44. 

2 Loe. cit. 

3 J. Am. Chem. Soc. 1908, 30, 876. 

* U. S. Dept. Agr., Btif. Chem. 1911, Bui. 142. 

5 Staz. sper. agr. ital. 1914, 47, 702. 
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Further investigation of the dry pulp showed that, in addition to 
an excess of cellulose (crude fiber?), there was an excess of lignin and 
fat, glassy apples containing 3.75 and 2.03 per cent and normal apples 
2.12 and 1.11 per cent respectively. Corroboratory evidence was fur- 
nished by microscopic sections showing that the cell walls are unduly 
thickened and lignified. The author concluded that the abnormal 
condition of the walls rendered them impermeable to air. He was able 
to produce this condition artificially by coating the fruit with paraffin. 

Brooks and Fisher ^ give a bibliography of twenty-seyen titles which 
does not include the work of Paris, possibly because it was abstracted 
under the head glass apples.^’ ^ Because of the common belief that 
excessive moisture is the cause of the disease, their work was with 
apples grown on irrigated trees. Contrary to the accepted belief, light 
irrigation produced more water-core than heavy. Some of the other 
conditions favoring water-core were free exposure of the fruit to sun- 
light, large size of fruit, and over-maturity. Fertilization with potassium 
nitrate usually diminished the water-core, and picking at the proper 
stage was found to be the best preventive. They state that the present 
evidence points to sap exudation under pressure as the cause of the 
disease, rather than variation in rainfall or soil moisture. 

Fatty Oil of Seed.— The values of apple seed oil, as given by N. and 
H.,^ follow, the figures in parentheses being those given on the authority 
of other workers: refractive index at 25° C. 1.4726, saponification num- 
ber 189.5 (202), iodine number 119.8 (135.0), acid number 2.9 (57), 
saponification number of fatty acids 195.5, iodine number of fatty acids 
129.5, and unsaponifiable matter 1.2 per cent. 

Wax Coating. — Seifert^ describes two wax-like substances melting 
at 64 and 234° C. 

By moistening apple parings with sodium hydroxide, extracting with 
ether, and evaporation of the solution, Thomae secured a powdery 
odorless preparation soluble in hot alcohol which, purified, melted at 
over 200° C. It was further separated into high and low melting point 
substances, the latter being a wax crystallizing as needles melting at 
68.5° C. 

Sando ® isolated three distinct substances: ( 1 ) triacontane, C 30 HG 2 , 
melting at 63.5 to 64° C., believed to be the same as found by Power 

1 J. Agr. Res. 1926, 32, 223- 

2 Chem. Abs. 1915, 9, 1811, through Chem. Zentr. 1915, I, 493. 

» Z. angew. Chem. 1916, 29, 1, 337. 

^ Landw. Vers.-Stat. 1895, 46, 29. 

5 J. prakt. Chem. 1911, 84, 247; 1913, 87, 142. 

® J. Biol. Chem. 1923, 66, 457. 
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and Cliesnut ^ in an impure form, also small amounts of other fractions 
melting at 70 to 79.5° C. ; (2J heptaccsanol, C 27 H 56 O, melting at 
81 to 81.5*^ C. (acetate 44 to 46® C.); and (3j malol (ursolic acid), 
CsoH^sOs, separated as lustrous prismatic needles melting at 284 
to 285° C. 

Van der Haar^ proved that the malol of Sando is identical with 
the prunol of Power and Moore ^ obtained from the leaves of Primus 
serotim and the nrsom of Trommersdorff ^ present in the leaves of 
Ardosiaphylos ma-nm. He considered the formula to be C 31 H 50 O 3 . 
Since the substance is acidic in its character, Sando ^ proposed a new 
name, ursolic ccid, but adhered to the formula, C 30 H 48 O 3 , first suggested 
by Gin tie.® Markley and Sando ^ observed that the oily fraction 
increases faster than the ursolic acid during growth and that both 
were greater in mature fruit grovm in N"ew York than in that growm 
in Washington state. 

Chibnall, Piper, Pollard, Smith, and Williams® identified n-nom- 
cosane, Tir-heptacosauc, d-lQ-noimcosanolj n-odacosanoly and n-triacontanoL 
Markley, Hendricks, and Sando ® found that the petroleum ether extract 
of the cuticle consists chiefly of ncnmosam, melting at 65.1° C., and 
lO-noTuicosanoly and contains no ketone. 

Acids. — The belief long held, that malic acid is the only acid present 
in the apple in appreciable amount, appears to be well grounded. The 
conclusion of Chaiivin, Joulin, and Canu,^^ that the acid is citric, lacks 
support. Bigelow and Dunbar give results of determinations of total 
acids, calculated as citric, and of malic acid by the uranyl acetate method, 
obtained by five analysts in the Bureau of Chemistry, which show close 
agreement, and they conclude that malic is the only acid of the apple. 
Miittelet found 0.13 to 0.75 per cent of actual malic acid in several 
types of apples and no other fixed acid. Pranzen and Helwert report 
considerable citric acid in apples. Nelson, by the ester distillation 

1 J. Am. Ckem. Soc. 1920, 42, 1509. 

2 Rec. trav. chim. 1924, 43,367. 

5 Pharin. J. 1910, 84, 710; J. Chem, Soc., 1910, 97, 1099. 

* Areh. Pharin. 1854, 130, 273. 

5 J. Biol- Chem. 1931,90, 477. 

BMonatsch. 1893,14,225. 

^ J. Agr. Res. 1931, 42, 70S; 1933, 45, 403. 

sBiochem. J. 1931,26,2095. 

9 J. Bid. Chem. 1932, 98, 103- 

loMon. sci. 1908, 69, 449. 

11 J. Ind. Ens- Chem. 1917, 9, 762. 

lUnn. fals. 1922,15,453- 
3. physiol. Chem. 1923, 127, 14. 

lU. Am. Chem. Soc. 1927, 49, 1300. 
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method, found in Winesap apples Z-malic acid together with traces of 
citric, but in York Imperial he found no citric acid. 

Carbohydrates. — The predominence of lemlose oyer dextrose in apple 
juice was brought out by Thompson and Whittier ^ and confirmed by 
Worcollier^ and Eof.^ The table below gives the proportion of the 
sugars in 7 of the 20 juices analyzed by Eof, the selection being made 
to show the extremes in composition. 


Variety 

In Juice 

In Total Sugars 

Dextrose 

Levulose 

Sucrose 

Dextrose 

Levulose 

Sucrose 


% 

% 

% 

% 

% 

% 

Grimes 

0.5 

5.8 

3.6 

5.0 

58.6 

S6.4 

Limbertwig 

3.5 

5.0 

0.8 

37.6 

53.8 

8.6 

Gano 

3.2 

5.9 

1.3 

30.8 

56.7 

12.6 

Beck 

3.3 

6.3 

2.4 

27.5 

52.5 

20.0 

Plumb Cider 

1.4 

5.9 

0.6 

17.7 

74.7 

7.6 

Bonne-de Frieulles 

2.7 

8.5 

2.6 

19.6 

61.6 

18.8 

Amdre-du-Surville 

2.3 

7.2 

0.2 

23.7 

74.2 

2.1 


Evans ^ states that the amount of levulose is two to three times that 
of dextrose in apples when picked. Stored at 1° C. levulose decreases 
slightly and dextrose increases slightly. 

WarcoUier ^ states that 8 to 30 per cent of the total sugars is suorose 
and that fermentation is not retarded by the larger amount, indicating 
that inversion takes place well ahead of alcohol formation. 

Experiments by Neller and Overley ® show that, beginning 2 weeks 
before the usual harvest date and ending 4 weeks after, the sucrose 
content of Delicious and Jonathan apples increased 182 and 80 per cent 
respectively, accompanied by a decrease of the starch content of 
Eelicious and of the acid content of Jonathan. They recommend 
harvesting when the ripening process has spent its force, as indicated by 
the slowing up of the increase of total sugars. 

Pectins. — See introduction to this volume. The pectin substance 
present in apple juice suffices to make a stiff jelly. A rich store also 
remains in the cell walls of the pomace from which it now is extracted 

1 Delaware Agr. Exp. Sta. 1013, Bal. 102. 

Ann. fals. 1909, 2, 425. 

5 J. Ind. Eng. Chem. 1917, 9, 587- 

^ Ann. Bot- 1928, 42, 1. 

® Compt. rend. 1907, 144, 987. 

« Washington Agr. Exp. Sta. 1926, Bui. 206, 
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on a commercial scale and used in aiding the gelatinization of other 
fruit juices. By means of such preparations, jellies may be made with 
little concentration thereby avoiding loss of volatile flavoring con- 
stituents. 

The work of Carr6 is reviewed under Microscopic Structure and 
Changes in Composition During Storage ; that of Haller under Changes 
in Composition During Growth and Hipening. 

Kertesz and Green ^ have shown that apple pomace containing 20 
per cent or less of water may he stored 5 months without serious lo^ 
of pectin and substances yielding pectin on hydrolysis, but if the pomace 
contains 33 to 50 per cent of moisture the growih of molds and conse- 
quent loss of pectin substances take place. 

Amygdalin. — Hubert reports in the dry seeds 0.62 to 1.38 per 
cent of amygdalin equivalent to 0.037 to 0.082 pei cent of hydro- 
cyanic acid. 

Colors. — The yellow color of the McIntosh apple has been shown 
by Sando^ to consist of quercetin (tetrahydroxyiavonol), C15II10O7 -f 
2H2O, which had previously been found in the bark of young apple 
twigs. He suggests that this substance or its glucoside may be the 
chromogenic substance causing the formation of a brown color on 
scalding. Potter ^ was unable to find any difference in vitamin A potency 
between apples with white and those with yellow flesh. 

Experiments by Fletcher ^ indicate that the red color of apples is 
not influenced by inorganic fertilizers and chemicals and is little affected 
by nitrogenous fertilizers. Sugar added to the soil intensified the color 
and also increased the sugar content, whereas inclosing the fruit in 
red cellophane bags inhibited its formation. 

Odorous Constituents. — By distillation with steam, Thomae ® 
secured a watery liquid with oil drops on the surface having an agree- 
able odor. The extract obtained by shaking with ether, on evaporation, 
yielded a soft mass from which a netw^ork of crystals separated on 
treatment with alcohol. On Altering and evaporation of the solvent a 
yellow odorous oil was obtained. In later experiments,’^ he prepared 
liquid extracts of an odorous nature, but no serious attempt appears 
to have been made to isolate the constituent ethers. 


^ New York Agr. Exp. Sta. 1931, Tech. Bill. 179, 3. 
2 Laadw. Vers.-Stat. 1911, 75, 462. 

»J. Agr. Res. 1024, 28, 1243. 

* J. Nutrition 1933, 6, 99. 

® Maryland Agr. Exp. Sta. 1933, Bui. 363, 79. 

® Loc- cit. 

^ J. prakt. Chem. 1913, 87, 142. 
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Power and Chesnut ^ identified as the chief odorous constituents the 
amyl esters of formic, acetic, and cajproic (hexoic) acids with a very small 
amount of caprylic ester and a notable amount of acetaldehyde. The 
acids appear to be present to some extent in the free state. Acetalde- 
hyde was shown to be formed by the vital processes and not during 
steam distillation and is exhaled to some extent at maturity. In addi- 
tion to the substances named, minute quantities of methyl and ethyl 
aUohols and a small amount of furfural occur in the distillate from apple 
parings, but the furfural is doubtless formed during distillation. Ey 
ether extraction, an essential oil of high apple fragrance was obtained 
and from this on standing small acicular crystals consisting of a paraffin 
hydrocarbon separate. The yield of essential oil from Ben Davis and 
crab apples was 0.0035 and 0.0043 per cent in the parings equivalent 
to 0.0007 and 0.0013 per cent in the entire fruit. Amyl valerate, 
although known as apple oil,” has never been identified as a consti- 
tuent of apples. Acetaldehyde had previously been found in apples 
by Muller-Thurgau and Osterwalder,^ but in much smaller amounts 
than in pears. 

Kodama ^ describes, as flavoring constituents of the apple, certain 
esters, prepared from by-products formed during the decomposition 
of proteins, such as ethyl-a-acetoxy-iso-hexoate, the corresponding 
methyl ester, ethyl-a-benzoyloxy-iso-hexoate, ethyl-a-isovaleryl-iso- 
hexoate, etc., which Power and Chesnut^ claim are not present. 

From McIntosh apples, a particularly fragrant variety, Power and 
Chesnut ^ isolated the aliphatic terpene alcohol geraniol (CioHigO). 

According to Thomas ® neither acetaldehyde nor alcohol accumulates 
in healthy apples and pears but may occur in. fruit injured by too low 
temperature of storage or deep scald. 

Enzymes. — Thatcher ^ concludes that oxidases are the only enzymes 
that produce changes in the carbohydrates during ripening. Esterase 
and 'protease, present in small amounts, appear to be formed by hydro- 
lytic changes in the essential oil and protein. 

Neidig, Colver, Fishburn, and Yon Ende ^ found no conclusive 
evidence of the presence of diastase or invertase but were able to establish 
the presence of esterase and, in green apples, oxidase. 

^ Loc. cit. 

2Landw. Jahrb. Schweiz. 1915, p. 400. 

3 J. Tokyo Chem. Soc. 1020, 41, 965. 

^ J. Am. Chem. Soc. 1921 , 43, 1741. 

^ Ibid. 1922, 44, 2938. 

5 Ann. Appl. Biol 1931, 18, 50. 

^ J. Agr. Res. 1915, 6, 103. 

® Idaho Agr. Exp. Sta. 1918, Bui. 104. 
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Studies by Overholser and Cruess^ indicate that peroxidasey an 
organic peroxide, and a chromogen, tannin, boionging to the catechol 
group, are responsible for the darkening of apple tissues. Boiling and 
precipitation of the peroxidase and peroxide prevent the reaction, but 
it again takes place on addition of some of the precipitate to the solution 
in which the tannin is still present. The organic peroxide was rendered 
inactive at 73.5 to 78° C., the peroxidase at 90 to 100° C. Immersion 
in 5 per cent hydrochloric acid and sodium sulphite for 3 days, as well 
as treatment with sulphurous acid, appeared to destroy the organic 
peroxide, whereas sodium chloride merely inhibited the reaction. 
Various other solutions favored darkening. Treatment with salt solu- 
tion (3 to 5 per cent) was a satisfactory substitute for sulphuring dried 
apples, although the product was slightly darker. 

Balls and Hale^ consider that the formation of hydrogen peroxide 
by a respiratory enzyme is a necessary preliminary step and that dark- 
ening continues until this is completely utilized by the peroxidase. 
They propose, as a preventative of discoloration during drying, treat- 
ment of sliced apples with a dilute solution of glutathione or cysteine 
salts or else pineapple juice. 

Garrick^ showed that the catalase activity of the vascular system 
was greater than that of the parenchyma. McIntosh apples, kept at 
7.5° C. for 3 to 9 hours, showed an increase in catalase when tested 
immediately and in some cases four days after, but kept at that temper- 
ature for 20 hours the catalase was nearly destroyed. Baldwin apples 
gave somewhat different results. 

Mineral Constituents. — Results on the whole fruit as given by Wolff 
by Haskins,’’ and by Colby/’ follow: 

Ash K,0 Na.0 CaO MgO 80.. SiO 


% 

Wolff 0.2‘2 O.m (>.0(> 0.01 0.02 0.03 0.01 0.01 

Hnskins 0 41 0.19 0.03 0.03 0.03 0.01 

Colby 0.20 0.14 0.01 0,03 


The higher percentage of total ash, as given by Haskins, appears 
to be due to carbon dioxide, which, in the analysis given by Woltf, 

^ California A^r. E.k]). Sta. 1923, Tech. Paper Ko. 7. 

2 Ind. Eng. Chem. 1935, 27, 335. 

^Cornell Agr. Exp. St:i. Mem. 1929, 122. 

^ Aschenanalysen. 

^Massachusetts Agr. Exp. 8ta- 1919, vSpec. Bui. 

® California Agr. Exp. Sta. Rep. 1898, p- 143. 
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was doubtless deducted. Browne,^ who coDsiders 0.30 per cent as a 
fair average for total ash in the fresh fruit, gives the following analysis: 


K20 

NasO 

CaO 

MgO 

Pe20s 

AljOs 

P 2 O 5 

BOz 

Si02 

Cl 

CO2 

% 

S5.94 

% 

0.31 

% 

4.43 

% 

3.78 

% 

0.95 

% 

0.80 

% 

8.64 

% 

2.66 

% 

0.40 

% 

0.39 

% 

21.60 


Brown ^ found that in apples grown in England there is a relation- 
ship between the amount of potash in the soil and in the fruit and a 
probable relationship in the case of phosphoric acid, lime, and magnesia. 
Good keeping qualities were associated with high content of potash and 
phosphoric acid. The mechanical condition of the soil also is a factor 
in mineral uptake. 

Among the points brought out by Hopkins and Gourley ^ are the 
increase in the percentage of ash and of the potassium in the ash, also 
the decrease in calcium and phosphorus in the ash, resulting from 
potassium in the fertilizer. 

Studies by DeLong^ on Wagener apples grown in Nova Scotia 
brought out that (1) application of potassium increased greatly the 
potassium in the fruit, (2) the influence of phosphorus as acid phosphate 
and basic slag on the content of that element was slight, and (3) sodium 
nitrate diminished the ash content. 

Minor Mineral Constituents. Tran . — Edible portion 3 mg. per kilo, fresh basis 
(Sherman) J Edible portion 3 mg. per kilo (Bunge, quoted by Sherman).® Edible 
portion: Greening 6.1, Snow 5.8 mg. per kilo, fresh basis (Peterson and Elyehjem) 
Fruit, 2 samples, 2.6, 3.1 mg. per kilo, fresh basis (Toscani and Reznikoff).’’ 

Alumimm. — ^Edible portion 0.47 mg. per kilo, fresh basis (Underhill, Peterman, 
Gross, and Krause). » Fruit 12.7 mg. per kilo, dry basis (Bertrand and Levy).*> 

Copper . — Fruit 1.2 mg. per kilo, fresh basis, 7.4 mg. per kilo, dry basis (Gueri- 
tbault).^° Edible portion: Greening 0.8, Snow 1 .2 mg. per kilo, fresh basis (Lindow, 
Elvehjem, and Peterson).^ ^ 

^ Pennsylvania Dept. Agr. 1809, Bui. 68. 

2Ann.Bot. 1929, 43, 817. 

3 Ohio Agr. Exp. Sta. 1933, Bui. 619. 

^Sci. Agr. 1933, 13,505. 

®U. S. Dept. Agr., Of. Exp. Sta. 1907, Bui. 186. 

8 J. Biol. Chern. 1928, 78, 215. 

^ J. Nutrition 1934, 7, 79. 

8 Am. J. Physiol. 1929, 90, 72. 

®Bul. soc. hyg. aliment. 1931, 19,359. 

Oompt. rend. 1920, 171, 196- 

“ J. Biol. Chem. 1929, 82, 466. 
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Edible portion: unknown variety 1.6, Russet 0.4 mg. per kilo, fresh basis 
(Bertrand aad Benzon).^ 

Anenic . — Fruit 0.05 mg. per kilo, fresh basis (Jadin and A.struc).2 
Iodine . — Fruit none (Winterstein).® 


CRAB APPLE 

Pyrus haccdia L. = Malus baccota Borkh. 

= M, Microcarpa var. bcccata Carr. 

Fr. Pomme sauvagc. It, Porno salvatico. Ger. HolzapfeL 

This species from noithem Asia, known as the Siberian crab, has 
furnished most of our cultivated varieties. Two native American species, 
the eastern crab (P. coronaria L. = M. frcugrms Eehd.) and the western 
crab (P. ioensis Bailey = M. ioensis Brit), although introduced into 
cultivation as ornamentals, have edible fruits .of some value. The 
Soulard crab (P. Sculardii Bailey = M. Smlardii Brit.), believed to 
be a natural hybrid of P. toensis and P. Mahs, yields an edible fruit 
of considerable size. 

MACROSCOPIC STRUCTURE. — The cclyx of the Siberian crab 
is deciduous, that of the two American species is persistent; in the 
western crab it is glabrous and in the eastern crab pubescent. 

MICROSCOPIC STRUCTURE.— The epiderm of the fruit has 
smaller and thinner-walled cells than that of the apple. The maximum 
longitudinal diameter in samples examined reached only 40 fi. In other 
respects the structure of the pericarp and the seed did not differ notice- 
ably from that of the common apple. 

PEAR 

Pyrns communis L, 

Fr. Poire. Sp. Pera. It. Pera. Ger. Bime. 

hlost of the varieties of pears grown in Europe and America are 
derived from the common species (P. commums), a native of temperate 
Europe and western Asia; some, however, notably the Kieffer and 
LeConte, are hybrids of this with the Japanese or Chinese sand pear 
(P. serotzna var. culta Relul.). The European snow pear (P. nivalis 
Jacq.) grow's wild and cultivated in France and Austria but the fruit 
being small and sour is used chiefly for making pear cider or perry. 

^Bal. SO 0 . hys* aliment. 1928, 16, 457. 

^Compt. rend. 1912, 155, 291. 

3Z. physiol. Chem. 1918, 104,54. 
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As a dessert fruit the pear is eaten mostly in the late Summer and 
Autumn, although the American markets are now supplied with Cali- 
fornia fruit throughout the Winter. Unlike most fruits, the pear 
develops its finest flavor if picked while still hard and ripened in the 
dark. Large quantities are canned and dried. The hard fruit of inferior 
varieties is rendered edible, but not delicious, only by cooking. Such 
fruit has been used in cheap European jams or dried as a coffee substitute. 

MACROSCOPIC STRUCTURE. — In general characters the pear is 
like the apple; the flower , however, is white and the fruit commonly 
more or less ohovate, often with a depression (with hairs) at the calyx 
end but less often with one at the stem end. There are, however, varie- 
ties approaching the apple in shape while the Eieffer pear tapers toward 
both ends, each with a shallow depression. The hairy calyx is per- 
sistent. As pears are eaten when softer than apples, the stem is readily 
pulled out of the tissues, the bundles separating from one another 
at the end appearing like the bristles of a brush. As regards the skin, 
the range as in the apple is from smooth and lustrous to dull or even 
rough, characteristic of russet fruit. The common colors are yellow 
and brown, often with red cheeks, but the bright red of the apple is 
unusual. 

MICROSCOPIC STRXJCTURE.—Early writers noted the stone cells 
of the fruit flesh, and Weiss ^ pictures them with surrounding starch 
parenchyma. Malfatti’s studies ^ included the pear as well as the apple. 

Stem. — Structure as in the apple. 

Calyx.— Hairs as on fruit. 

Fniit (Fig. 201). — The number of layers and some of the 
characters of each are the same as in the apple; there are, however, 
marked differences. 

The epiderm (epi) exhibits in surface view the thick walls of the 
mother cells and thin walls of the daughter cells, but the cells are only 
approximately half as large as in the apple, the longer diameter reaching 
35 II. The cuticle is thick. Lenti cel-like spots are numerous, often 
displacing the stomata and surrounding cells during the earlier stages 
and in russet pears covering nearly the whole surface. Hairs occur in 
the calyx depression. They have thick walls and narrow lumen thus 
distinguishing them from the thin-walled hairs of the apple. They are 
also more nearly straight, although at the tip they are often decidedly 
kinky. 

Cross sections show a hypoderm of several tiers of cells which, in sur- 
face view (/?y), are polygonal with knotty thickened walls and prominent 

1 Anat. Pflanzen., 1878, p. 24:8. 

2 Z. Nahr. Unters. Hyg. Waarenk. 1896, 10, 265. 
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angles. Chlorapliyl grains always occur in both epiderm and hypo- 
derm wlien green and in some varieties when ripe. In other varieties 
coloring matter in solution occurs at maturity. 

The stone cells (st^) are isodiametric or somewhat elongated and 
have thich, colorless walls with marked branching canals. They occur 
in groups about which are elongated parenchyma cells (p^) forming 
rosettes, the complexes being so numerous as to make up a large part 
of the fruit flesh tissue. Calcium occalcAe occurs in small cells, most 
abundant in the inner mesocarp, mostly as monoclinie crystals (cr) 
often united as twins, triplets, or other small aggregates. Crystal 



Fig. 201. — European Pear. Eleiiionts of fruit in surface view, epi epiderm; hy 
hyi^odcrni ; stone cell group with radiating parenchyma; / bast iber, sp 
spiral, ret rcticiiluted, and (i pitted vt'ssels, and .s/- sclerenchyma cell of fibro- 
vasciilar bundle; cr crystal cells; p~ parenehynia ; ie crossing cells of eadocarp. 

X 160. (KJBAV.) 

rosettes, such us predominate' in the apple, are less numerous. Starch 
grains persist in the tisssiies until the fruit is fully formed, but disappear 
when the edible stage is rc'achod. The individual grains are smaller 
than those of the apple, seldom exceeding 5 p. The elements of the 
Jibro-va.se id a r bundles and the accompanying bast fibers ij) are like those 
of tire apple. 

The paroneliynia of the inner fruit Jlesh (/r) consists of elongated 
cells with numerous rouiuled intercellular spaces forming a spongy 
parenchyma. 

Tlie en-clocarp cells (/e), although elongated as in the apple, are not 
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strongly thickened. In the outer layers the avails ha\^e large beads, 
that is they are thickened and haye few pores, further inward the walls 
are thinner with numerous pores, and finally in the innermost layer 
the walls are neither thickened nor porous. 

A comparison of the warty suture hairs of the apple and pear is 
given under the apple. While usually scleienchymatized members are 
absent in the jointed hairs of the pear, they may (as in the Glout 
Morceau) be numerous. The warts are less conspicuous than in the 
apple. In addition to the thin-walled, unicellular hairs are many 
thiek-walled forms such as occur in the cal 5 ^ depression. 

Speimodenn (Figs. 202 and 203). — The outer epiderm (ep) is very 
different from that of the apple: first, as seen in cross section, the cells 
are radially elongated with a narrow, elongated or pear-shaped lumen; 
second, as seen in surface view, they are isodiametric and non-porous. 



202. Fia. 203. 

Fig. 202.— European Pear. Outer layers of spermoderm in. cross section, ep outer 
epiderm; i fibers. X 160. {K.B.W.) 

Pig. 203.— European Pear. Outer epiderm of spermoderm in surface view. 

X 160. (KB.W.) 

In addition to secondary mucilaginous thickenings, such as occur in 
the apple, groups of cells (dark ra the cuts) have tertiary sclerenchy- 
matous thickenings. 

The sulepidermal fibers (/) sometimes form a thicker layer than in 
the apple and the next layer does not have well-formed tube cells, the 
tissue being merely spongy parenchyma. 

Perisperm, Endosperm, and Embryo. — As in the apple. 

Chief Structural Characters. — Fruit usually narrower at stem 
end with little or no depression; surface smooth or rough and corky; 
fruit flesh with stone cells groups; endocarp less woody than in apple. 
Seeds much as in apple. 

Epidermal cells half as large as in apple ; hairs thick-walled ; fruit 
flesh of parenchyma, radiating from stone cell groups; single crystals 
in small aggregates more numerous than rosettes; endocarp fibers not 
strongly thickened; suture hairs partly smooth, thick- or thin-walled, 
partly warty, jointed, with or without thick-walled members. Outer 
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epidermal cells of spcrmoderm radially elongated with mucilaginous 
thickenings and some also with sclerenchymatous thickenings. 

CHEMICAL COMPOSITION. — single analysis of green pears, 
made at the U. S. Department of Agriculture,^ shows, on the fresh 
and dry basis, lespectiTely: water 83.92 and none, protein 0.56 and 
3.4, fat 0,79 and 5.0, nitrogen-free extract 11.46 and 70.8, fiber 2.73 
and 17.5, and ash 0.54 and 3.3 per cent. The high fiber content, two 
to three times that of green apples, as given in the same report, is due 
to the stone cell concretions of the fruit fiesh. Similar concretions 
occur in the quince and medlar hut not in the apple. 

The range of acids and sugars, as determined by Kremla ^ in pears 
of different varieties and ripeness, and of water, -water-soluble matter, 
acids, invert sugar, sucrose, tannin, and ash, as determined by Mach 
and Portele ^ in different varieties, is shown below. The green samples 
contained less sugar hut more acid than the ripe. 


CoMPosmoN OF Pea.es 



Sam- 

ples 

IVater 

SoHds 

Acids 

Invert 

sugar 

Sucrose 

Tannin 

Ash 



% 

% 

% 

% 

% 

% 

% 

Kremla : 

9 








Min 



.... 

0.04 

6.56 

0.0€ 


.... 

Max 



.... 

0.26 

12.37 

5.76 


.... 

M. and P.: 

17 








Min 


79.93 

1.39 

0.06 

5.80 


0.01 

0.14 

Max. 


87.54 

3.87 

0.56 

9.15 


0.10 

0.37 


Analyses by Hotter ^ of the flesh of 18 samples of Austrian pears 
show the following range: total solids 14.1 to 26.6, insoluble solids 
1.9 to 9.1, extract 12.6 to 17.8, total sugars as inyert 7.2 to 12.7, dex- 
trose 0.9 to 3.7, levulose 5.8 to 9.3, sucrose 0.4 to 2.6, acids as malic 
0.06 to 0.6, tannin 0.02 to 0.05, total ash D.25 to 0.59, and phosphoric 
acid 0.03 to 0.07 per cent. 

Somewhat different constituents wTre determined by Olig ^ in the 
flesh of 2 samples of pears, as shown by the following averages: water- 
soluble matter 9.70, water-insoluble matter 2.66, acids as malic 0.96, 
reducing sugars 6.26, total ash 0.25, soluble ash 0.23, alkalinity of ash 

mep. 1881-82, p. 665. 

2Z. Nahr.-TJnters. Hyg. Waarenk. 1892, 6,483. 

2 Lanciw. Vers. -S tat. 1892, 41, 233. 

^Z. landw. Yersuchsw. 1906, 9, 747. 

®Z. Unters. NaAr.-Geniissra. 1910, 19, 558. 
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(cc, normal acid per 100 grams of fruit) 2.67, total phosplioric acid 
0.022, and soluble phosphoric acid 0.019 per cent. 

Composition of Pear Juice. — Windiscli and Schmidt ^ obtained, in 
grams per 100 cc. of juice, the results summarized below : 



Sp. gr. 
15° C. 

Solids 

Pro- 

tein 

Ash, 

asmaJicI 

Invert 

sugar 

Su- 

crose 

Tan- 

niri 

Ash, 

total 

Ash, 

alk.* 

Min.. . , 

. 1.047 

12.22 

0.24 

0.63 

7.07 

1.47 

0.16 

0.34 

32 

Max. . 

. 1.055 

14.35 

0.31 

0.93 

8.36 

2.42 

0.25 

0.36 

34 

Aver. . 

. 1-062 

13.46 

0.28 

0.75 

7.82 

1.95 

0.17 

0.36 

33 


* Cc. JV/IO acid per 100 cc. juice. 

Composition of Pear Seeds. — The varieties Theiler and Reinholz, 
as analyzed by Huber, ^ contained the figures given below in percentages 
of the dry matter. The air-dry material contained respectively: dry 
kernels 58.84 and 64.36, dry hulls 36.53 and 28.45, and dry whole seeds 
92.37 and 92.82 per cent. 


Variety 

Pro- 

tein 

Pro- 
tein, 
pure * 

Amvg- 

dalin 

Fatf 

Leci- 
thin 5 

Sugars § 

Pento- 

sans 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

% 

% 

% 

Theiler: 







Kernel. 

48.56 

40.03 

trace 

36.46 

1.51 

4.51 

3,07 

2.01 

4.70 

Hulls... 

10,25 

8.48 

trace 

7.13 

0.82 

6,08 

11.97 

24.47 

2.50 

Whole.. 

33,38 

27.53 

trace 

24.84 

1.23 

5.13 

5.72 

10.90 

3.83 

Eeinholz: 








Kernel. 

51.81 

43.26 

trace 

33.14 

1.04 

5.49 

3.37 

2.14 

5,04 

Hulls. . . 

11.44 

9.41 

trace 

7.10 

0.66 

5.89 

14.28 

18.48 

2.31 

W hole.. 

39.44 

32.87 

trace 

25.15 

0.82 

5.62 

6.72 

7.15 

4. 10 


* Factor 5.55. f Lecithin -free, f Factor 20. § As invert. 


Composition of Dried Pears. — A single analysis reported by Atwater 
and Bryant ^ shows as follows: water 16.5, protein 2.8, fat 5.4, nitrogen- 
free extract 72.9 and ash 2.4 per cent. 

Changes in Composition During Growth, Ripening, and Storage. — 
Kelhofer/ Ritter/’ and Riviere and Bailhache ^ agree that sugars increase 
‘ Z. Unters. Nahr.-Genussm. 1909, 17, 584. 

^Landw. 7ers.-Stat. 1911, 75, 443. 

® XJ. S. Dept. Agr., Off. Exp. Sta. 1906, Bui. 28 rev. 

^Deut. Schweiz. Vers. Sta. Wiidensweil Jahresb. 1895/97, p. 68. 

®Deut. Obstbauztg. 1910, p. 429. 

® J. soc. nat. hart, France, 1908, 9, 284. 
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in percentage and acidity decreases during growth. A very decided 
loss of tannin was also noted by Kelhofer. Although Cruess and Stone ^ 
noted a slight increase in soluble solids, as indicated by the Balling 
test, they secured varying results on acidity and no decisive evidence 
of a decrease in starch content. 

Magness^ gives an extended digest of the literature and his own 
results in experiments with Bartlett pears in two regions of California 
(Sacramento Valley and Suisun) and one each of Oregon (Rogue Eiver 
Valley) and Washington state (Yakima Talley). The samples were of 
three to six pickings, extending from June 10 to August 28. Analyses 
of the flesh, freed from skin and core, w^ere made when picked and 
after storage 45 to 105 days at approximately 21°, 5°, and -1° C. In 
the table on the next page appear results of two pickings from two 
regions, omitting those of fruit stored at 5° C. which showed little 
difTerenee from those at —1° C. While in all cases the sugars and 
dry weight increased and the alcohol-insoluble, acid-hydrolyzable 
substances ('^starch, etc.’’) decreased with the advance of the season, 
the acids decreased in the California fruit and increased in the Oregon 
and Washington fruit. 

After storage of 6 varieties for 7 months at 1 to 2° C. in air con- 
taining 1 per cent of carbon dioxide and having a relative humidit}^ of 
70 to 80 per cent, Bottini ^ found that the table qualities were improved. 
No marked changes in composition, other than the destruction of su- 
crose, was noted after the storage. When the ri{>ening wuis carried too 
far, carbohydrates and proteins broke down with formation of alcohols 
and amino acids. Scald brought about fermentation but no change in 
proteins. 

Results by Kojima^ show an increase in reducing sugars up to the 
middle of August, then a rapid decrease with a marked increase in 
sucrose. Starch was present only in the first period. Pectin gradually 
changed into a soluble modification. Perfusion, a procedure recom- 
mended in dry regions, delays sucrose formation. 

Respiration. — Gore,-"’ operating with 2 varieties of pears, noted a 
maximum evolution of 50 nig. of carbon dioxide per kilo per hour 
at 34.4° C. and a minimum of 3 mg. at 0.9° C. 

Influence of Size of Fruit on Composition. — Kiiliseh/’ in coiiiparisons 

^ Mo. Bui. California State Com. Hort. 1911), 6, 425. 

2J. Agr. Res. 1920, 19,473. 

2 Ann. cliim. iippl 1927, 17, 457. 

^ J. Agr. Chein. Soc. Japan 1933, 9, 498, 504. 

°U. Dept. Agr., Bur. Chem. 191 1, Bill. 142. 

®Landw. Jahrb. 1892, 21, 427. 
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Composition op Pej^ Plbsh, Picked Geeen, before and . 
AFTER Storage (Magness) 



Solids 

Acids 
as malic 

Sugars, 

total 

Sugars, 

reducing 

Starch, 

etc. 


% 

% 

% 

%, 

% 

California: 

Picked July 5 






When picked 

16.03 

0.36 

6.00 

5.40 

3.77 

Stored at 21® C.. . . 

15.72 

0.39 

8.37 

7.43 

1.67 

Stored at -1° C... 

16.07 

0.26 

7.77 

6.50 

1.56 

Picked Ang. 13 






When picked 

17.37 

0.26 

8.35 

7.12 

2.36 

Stored at 21® C... . 

15.98 

0.26 

10.10 

7.64 

1.20 

Stored at — 1° C.. , 

17.18 

0.24 

9.72 

7.56 

1.33 

Oregon: 

Picked July 19 




fe.59 


When picked 

15.50 

0.32 

6.07 

3.20 

. Stored at 21° C... . 

15.64 

0.39 

8.19 

7.39 

1.55 

Stored at — 1° C... 

15.91 

0.28 

7.60 

•fe.60 

.... 

Picked Aug. 28 






When picked 

17.28 

0.36 


.... 


Stored at 21® C 

17.70 

0.36 

10.10 

7.95 

1.35 

Stored at — C... 

17.95 

0.36 

10.00 

7.98 

1.43 


made with 2 varieties, noted that the larger fruit and greater content 
of sugars and acids were associated with the smaller weight of the 
total crop. 

Fatty Oil of Seed. — The values of pear seed oil, as given by N. and 
E./ follow, the figures in parentheses being those given on the authority 
of other workers: refractive index at 25° C. 1.4727, saponification 
number 197.5 (213.0), iodine number 126.5 (121.0), acid number 2.3 
(38.5), saponification number of fatty acids 203.0, iodine number of 
fatty acids 128.9, and unsaponifiable matter 0.5 per 'cent. 

Wax Coating. — A paper by Markley, Sterling, Hendricks, and Sando, 
entitled '‘Constituents of the Waxlike Coating of the Pear, Pirus 
Communis L."’, was read at the New York Meeting of the American 
Chemical Society, April 22, 1935. 

Acids. — Examination of 49 samples, representing 24 varieties, by 
Bigelow and Dunbar, ^ showed that 37 contained only malic acid (0.03 
to 0.46 per cent) and 2 only citric acid (Idaho 0.20 and Bartlett 0.25 

1 Z. angew. Cliem. 1916, 29, 1, 337. 

2 J. Ind. Eng. Cliem. 1917, 9, 762. 
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pex cent). Tlie remaining 10 samples contained both acids; these 
include 6 of Kieffer with 0,37 to 0.55 per cent of total acids, wMch in 
some cases was largely malic, in others largely citric, 3 of Bartlett with 
citric in all cases in excess of malic acid, and one of LeConte with 0.09 
per cent of malic and 0. 18 per cent of citric acid. No explanation was 
offered for the presence of 0.46 per cent of malic, but no citric, add in 
one sample of Bartlett pears and 0.25 i>er cent of citric but no malic 
acid in another sample. 

Nelson,^ by the ester-distillation method involving the isolation of 
the hydrazones and the determination of melting point and specihe 
rotation, showed that the acids of a sample of Bartlett pears consisted 
of two parts of citric and one part of malic acid. The presence of citric 
acid in the pear, previously reported by Chaubin, Joulin, and Canu,^ 
is thus abundantly confirmed, but the failure of these authors to find 
any malic acid lacks support. 

Carbohydrates. — ^Thompson and Whittier’s theories as to carbo- 
hydrate formation appear imder Apple. 

Stene Cell Cencrettons of the pear, according to Seilh^re,^ consist 
chiefly of pentosans yielding xylose and arabinose on hydrolysis. They 
contain little lime. 

Acetaldehyde, as shown by Mtiller-Thurgau and Osterwalder,'^ 
which exists only in traces in apples, is formed in considerable amount 
in pears, especially when “ sleepy/’ In the juice, they found by direct 
test and in the distillate respectively: immature 4 and 1, tree-ripe 
18 to 52 and 2 to 17, storage-ripe 54 to 60 and 28 to 30, and sleepy 
pears 110 to 323 and 85 to 202 mg. per hter. 

According to Harley,^ acetaldehyde, which is absent in Bartlett 
pears while on the tree regardless of maturity, appears after two days 
in the ripening room at 22 to 24® C. and reaches a maximum when 
the core breaks down. The accumulation is greatest in late-picked 
fruit in which also the intercellular carbon dioxide accumulates most 
rapidly. 

Enzymes. — A study of catalase activity, made by Overholser,® 
showed that the evolution of oxygen was nearly in direct proportion 
to the amount of hydrogen peroxide used. The maximum activity 
was in a slightly acid solution. Storage at — 12° and 40° C. brought 

1 J. Am. Chem. Soc. 1927, 49, 1300. 

2Moa.sci. 1908, 69, 449. 

2 Comp. rend. soc. hid. 1909, €6, 346. 

^ Landw. Jahrb. Schweiz. 1915, p- 400. 

U. Agr. Res. 1929, 39,483. 

B Am. J. Bot 1928, 16, 285. 
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about at first an increase, then a decrease of the actmty, and at 0® 
and 30'' C. a gradual increase throughout a period of 22 days. 

Mineral Constituents— Eesults on the whole fruit, as given by 
Wolfi/ also an analysis by Colby ^ follow: 



Ash 

K 2 O 

NaaO 

CaO 

MgO 

P 2 O 5 

SO 3 

SiOa 

Wolff. 

Colby. 

% 

3.5 

2.50 

% 

1.8 

1.34 

% 

0.3 

% 

0.3 

0.19 

% 

0.2 

% 

0.5 

0.34 

% 

0.2 

% 

0.1 


Minor Mineral Constituents. Iron . — ^Edible portion 3 mg. per Hlo, fresh basis 
(Bunge),® Edible portion 4.6 mg. per kilo, fresh basis (Peterson and Elvehjem).^ 
Fruit, 2 samples, 2.4, 3.7 mg. per kilo, fresh basis (Toscani and Reznikoff) 

Copjier . — Fruit 2.2 mg. per kilo fresh basis, 12.9 mg. per kilo, dry basis (Gueri- 
thanlt).® Edible portion 1.0 mg. per kilo fresh basis (Lindow, Elvehjem, and 
Peterson).'^ 

Zinc . — Edible portion 1.6 mg. per kilo, fresh basis (Bertrand and Benzoa).® 
Arsenic . — Fruit 0.17 mg- per kilo, fresh basis (Jadin and Astruc).® 

Iodine . — None (Winterstein).^^ 


QUINCE 

Cydonia oblonga Mill. = C. vulgaris Pers. = Pyrus Cydonia L. 

Fr. Going. Sp. Membrillero. It. Mela cotogna. Ger. Quitte. 

In Persia, the home of the quince, its merits are appreciated as 
nowhere else, the fruit grown there being of such high quality as to 
be eaten out of hand while with us it is edible only when cooked. 

The three marked pomological types regarded by Miller as species 
but reduced by Rehder to varieties are: the pear quince (var, 
pyriforwiis Rehd. = C. oblonga Mill.), pear-shaped, the apple quince 
(var. 7naliforms Schneider = C. mdijormis Mill), apple-shaped, and 
the Portuguese quince (var. lusitanica Schneider = C. lusitanica Mill.), 
pear-shaped, large, ribbed. 

* Aschenanalvsen. 

2 California Agr. Exp. Sta. Rep. 1898, p. 143. 

® Sherman: IT. S. Dept. Agr., Off. Exp. Sta. 1907, BuL 186. 

•*J. Biol. Chem. 1928,78,215. 

Nutrition 1934, 7,79. 

®Compt. rend. 1920, 171, 196. 

M. Eiol. Chem. 1929, 82 , 465. 

® Bui. soe. hyg. aliment. 1928, 16, 457. 

^ Comp, rend 1912, 166, 291- 
physiol. Chem. 1918, 104, 54. 

^‘Bailey: Stand. Cyel. Hort., New York, 1922. 
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Quinoes are seldom, seen in the market except during a short sejison 
when local fruit is placed on sale. The fruit is then baked, canned, 
preserved, or made into jelly, the last named being of special excellence. 
In the home garden, quince trees are valued because of the attractive 
flowers as well as the golden fragrant fruits. A few quinces will exhale 
fragrance in a room for weeks. 

MACROSCOPIC STRUCTURE. — A peculiarity of this species is 
the production of the flower on a branch (not stem) of the same year’s 
growth. The flowers have five oblong sepals, hairy beneath, five white 
or pink petals, also hairy beneath, a five-loculed ovary with numerous 
ovules, five independent styles, and about twenty stamens. 



Pia. 204. — Quim*c. ElcmontH of fruit in surface view, cpl epidenn; hy hypo- 
dcrni ; stone cell group -with nulialiug paroriebyina, ciyiitaining am sfarrli 
grains, and jj - tliick-wallcd pjirencliyina ; j bast fiber, sp siuriil, I'f t ret icuhit t'd, 
and Q pitted vessels, and svloreiichyniu coll of tibro-vtiiseiikir bundlo; p'K 
spongy parenchyma and cr crystal cell of inner fruit flesh; p', le crossing veils 
of endocarp. X 160. (K.B.'W.) 


Among the characters of the fruit, aside from its shape and golden 
color, are the absence of a stem, other thiin the branchlet at the emi 
of which it is borne, the persistent calyx, the felted, loosely attached 
hairs over the whole surface, the hard flesh with large stone cell group.s, 
the rather soft core, and the double row of seeds (xip to fifteen 5 crowdtMl 
in each lociile. 

MICROSCOPIC STRUCTURE.— The stone cells of the quince*, as 
well as of the pear, were observed by very early botanists. Quince 
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seed, being used in pliarma,cy, has been studied by Berg ^ and later 
pharmacognocists. 

Fruit (Figs. 204 and 205).— The epiderm {epi) cells and cork spots 
are like those of the pear but the hairs (t) are strikingly different, being 
exceedingly kinky and with walls, although thickened, much narrower 

than the lumen. N o difference 
in the hypoderm (Jiy) of the 
two fruits has been noted. 

As in the pear, the done 
cells of the fruit flesh are 
in groups surrounded by radi- 
ating parenchyma but the 
groups are usually larger, the 
parenchyma cells are more 
elongated (p^), and sometimes 
have knotty, thickened walls 

Fig. 205.— Quince. Epiderm of endocarp Starch grains up to 5 /i 

suture in cross section, thick-walled, occur in the unripe fruit, 
thin-walled, and warty jointed hairs; cr Spongy parenchyma (p^), con- 
crystal rosette. X 160. (KB.W.) taining occasional monoclinic 

crystals (cr), makes up the 
inner fruit flesh. This passes into elongated cells with small inter- 
cellular spaces (p^), and this in turn into the endocarp. The fibro- 
vascular bundles and accompanying hast fibers (jf) and elongated scleren- 
chyma cells are practically the same as those of the apple and pear. 


Fig. 206. Fig. 207. 

Fig. 206.— Quince. Outer epiderm and fibers of sperruoderm in cross section. 
X 160. CK.B.W.) 

Fig. 207. — Quince. Outer epiderm of spermoderm in surface view, X 160. 

(K.B.W.) 

The endocarp consists of elongated cells (p^) with beaded (porous), 
but not strongly thickened, walls crossing an innermost layer (ie) with 
thin, non-porous walls, the cells of which are narrower than in the pear. 
1 Anat. Atlas, Berlin, 1855, p. 92. 
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Hairs (Fig. 205) occur in the endocarp sutures as in the apple and pear. 
Thick-walled kinky forms {f)j much like those on the epiderm of the 
fruit, are present in addition to thin-walled unicellular and jointed 
hairs {f') and branching, jointed, warty hairs (^*'^) without sclerenchyma 
members such as are found in the pear and apple. 

Spermoderm (Figs. 206 and 207). — Excepting the outer epiderm, 
the tissues axe practically the same in the apple. Characteristic of 
the ejdderm is the radial elongation of the cells, which is more marked 
than in the pear, and the absence of sclerenchymatous thickening. In 
surface wiew, the cells are polygonal-isodiametric. ks in other members 
of the group, they have a secondary thickening of mudlage which is 
here particularly abundant and renders the seed useful in medicine. 

Perisperm, Endosperm, and Emhryo.—As in apple and pear. 

Chief Strttctura.l CHARA^cTERS.—Fruit yellow, apple- or pear- 
shaped; hairs matted, loosely attached, oyer whole surface ; fruit flesh 
hard with large stone cell masses; endocarp as in pear. Seeds very 
mucilaginous. 

Epiderm hairs kinky, moderately thickened walls narrower than 
lumen; mesocarp stone cell groups large, radiating parenchyma cells 
long; endocarp much as in pear but cells of innermost layer narrower; 
suture hairs partly unicellular, thick- or thin-walled, straight or kinky, 
partly jointed, smooth or warty, without sclerenchyma members. Outer 
epidermal cells of spermoderm radiahy much elongated (polygonal in 
surface view), with mucilaginous but without sclerenchymatous thick- 
ening. 

CHEMICAL COMPOSITION, — Analyses of the flesh of 3 samples 
of apple quince and 2 samples of pear quince grown in Austria, by 
Hotter/ show the following range: 


Composition of QumcE Flesh (Hotter) \ 



Solids, 

SoEds, 

Ex- 

Acids 

Sugars, 

Dex- 

IjCvu- 

Su- 

Tan- 

Ash, 


total 

insol. 

tract 

as 

malic 

total* 

trose 

lose 

crose 

nin 

total t 


% 

% 

% 

% 

% 

(Tf 

70 

CTf 

/Q 

ro 

% 


Apple: 











Min... 

14.2 

4.6 

10.0 

0.7 

5.3 

2.01: 

l).3} 

0. 11 

0.06 

0.41 

Max... 

19.0 

7.1 

13.6 

1.0 

S.2 

2.0t 

6,3} 

0.16 

0.07 

0.73 

Pear: 











Min.. . 

19.9 

6.7 

14.2 

0.9 

8.1 ' 

2.1 

6.0 

0.771 

0.07 

0.47 

Max. . 

20.2 

7.3 

14.3 

1.2 

8.9 

2.4 

6.5 

0.77t 

O.OS 

0.64 


* Ab invert, t Piiosphoric acid; apple 0.06 to O.OQ^oI pear 0.05 to OUT*:';), t 1 sample, 

^ Z. landw. Yersuclisw. 1906, 0, 747. 
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Composition of Quince Juice. — Analyses of single samples of quince 
juice lia^e been made by Hotter/ Truchon and Martin-Claude/ and 
Windiscli and Schmidt^ as follows; 


Composition of Quince Juice 
(Grams per 100 cc.) 



Sp.gr. 
15° C. 

Solids 

Pro- 

tein 

Acids 
■ as 
malic 

Invert! 

sugar 

Su- 

crose 

Tan- 

nin 

Ash, 

total 

Ash, 

alk.* 

Hotter 

1.054 

14.02 


0.84 

9.15 

0.51 

0.42 



T. and M-C.. 

1.048 

12.72t 


0.86 

7.59 

0.00 


0.42 


W. and S 

1.051 

13.29 

0.32 

1.43 

7.82 

0.67 

0.27 

0.39 

37 


*Cc. N'/IQ acid per 100 cc. juice, t Alcohol precipitate 0.46 per cent. 


Fatty Oil of Seed. — Steger and Van Loon hy extraction of qnince- 
seed kernels obtained a yield of 19.2 per cent of oil having the following 
values: specific gravity 15°/4° 0.9220, refractive index at 20° C. 1.4738, 
saponification number 194.2, iodine number (Wijs) 121.6, acetyl num- 
ber 14.7, acid number 15.3, ester number 178.9, and thiocyanate number 
82.7. It contained saturated acids 8.6, oleic acid 42.5, linolic acid 39.2, 
linolenic acid 3.9, volatile acids 1.44, glycerol radical 4.0, and unsaponi- 
fiable matter 0.36 per cent. 

Mucilage.— Quince-seed mucilage, as hydrolyzed by Renfrew and 
Cretcher,^^ yielded cellulose 33 per cent, Z-arabinose 2 per cent, and a 
mixture of aldobionic acids of which 72 per cent was methylated and 
28 per cent unmethylated, passing on farther hydrolysis to xylose. 

Acids.—Truchon and Martin-Claude ^ conclude that, as in several 
other fruits, the acid is tartaric. Eigelow and Dunbar'^ quote results 
by Pratt showing in the fruit malic acid 1.00 per cent, and citric acid 
none. Muttelet ^ found in the juice malic acid 1.10 per cent and citric 
acid none. Nelson ^ found malic but no citric acid. 

ipomolog. Yers.-Stat. Graz, Jahresb. 1895/6, p. 10. 

2 J. pharm. chim. 1901, 13, 171. 

^Z. ITnters. Nahr.-Genussm. 1909, 17, 584. 

^Rec. trav. chim. 1934,63,24. 

5 J. Biol. Chem. 1932, 97, 503. 

® Ann. chim. anal. 1901, 6, 85. 

7 J. Ind. Eng. Chem. 1917, 9, 762. 

**Aan. fals. 1922, 15, 453. 

^ J, Am. Chem. Soc. 1927, 49, 1300. 



MEDLAR 


Minor Mineral ConstituLents. Iron . — Edible portion ID.l 
(Peterson and Elvehjem).^ 

Copper.— Edible portion 1.4 mg. per kilo, fresh basis (Lmdow*r*iiMi^eii^i^i^ 
Peterson).^ 

MEDLAR 

Mespilus gennanica L. = Pynis germanica L. 

Nefie. Sp. Nispero. It. Nespola. Ger. Mispel. 

Two botanical vaiieties, tbe giant (gtgarUea Kirchn.) and the seedless 
(ahortim Kirchn. = apyrma Koch), in addition to the type, yield 
edible fruit. Hartwich^ classes as a separate species the romance 
medlar (M. Agarolus L.), grown in sonthem Europe, which has only 
two or three stones. 

The medlar grows wild and is cultivated in central and southern 
Europe and western Asia. Only after the fruit has been touched by 
frost while still on the tree and stored in the 
dark until fermentation and partial decay sets 
in is it edible raw. Even then it is quite acid. 

It is used for preserves and in making dark 
coarse cakes of insipid flavor eaten hy children. 

MACROSCOPIC STRUCTURE .-Like 
those of the quince, the Jiowers are borne on 
branches of the same season’s growth without 
peduncles. They have normally five calyx lobes, 
petals, ovary locules, and styles. There are two 
ovules in each locule. 

The fruit (Fig. 208) is a pome but differs from the common pomes 
in that; (1) the calyx lobes are long and narrow, arching over the 
broad (2 cm. or more), flattened, depressed, hairy, disk-like top of the 
fruit; (2) the epiderm separates here and there in flakes; (3) the endo- 
carp tissue is hard but thin-walled (up to 2 mm.), forming five stones 
about 1 cm. long which reach to and distend the top of the fruit. Hairs 
occur not only on the tip but also at the base of the fruit. Onty one 
at most of the two ovules develops into a seed and many time snone, 
even when the stones are of normal size. 

MICROSCOPIC STRUCTURE. Fruit— The epiderm cells reach a 
maximum of 35 ix, or about the same limit as those of the pear and 
quince. They do not show by the thickness of the walls the division 

U. Biol Chem. 1928, 78, 215. 

2 Ibid. 1929, 82, 465. 

^Beythien, Hartwieh and Klinimer: Handb. Nahmngsm. -Enters, Leipzig;, 1915, 
2, 166. 



Pig. 208. — Medlar. 
Fruit. Xl. (A.Xf.W.) 
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into daughter cells. The hairs are strongly sinuous, pointed, up to 1.5 
mm. in length, with lumen as broad as or broader than the walls. 

Stone cells occur in great numbers in the outer fruit flesh, but they 
differ from those of the pear and quince in that they are much thinner- 
walled and occur only singly or in small groups. The cells of the fruit 
flesh parenchyma are sac-shaped containing small starch grains when 
not fully ripened, also here and there oxalate rosettes. Fibro-wascular 
bundles are few and delicate. 

The mdocarf is made up of small rounded stone cells and an inner 
fiher-like layer, with colorless walls and usually colorless contents. 

Spermoderm. — In specimens grown in Austria, most of the seeds 
were found to be abortive, showing no definite structure. Some, how- 
ever, were more or less perfect, the cells of the outer epiderm of the 
spermoderm being isodiametric, polygonal to longitudinally elongated 
in surface view, and flattened in cross section. The other layers, though 
not fully developed, corresponded with those of the apple. 

Perisperm, Endosperm, and Emhryo. — Often undeveloped. 

Chief SrEUcruiiAL Characxeks.— Fruit broad, disk-like, depressed 
at top; calyx lohes long, narrow, incurved; stones five, formed by hard 
but thin endocarp. Seeds often abortive. 

Epidermal cells of fruit about as large as in pear and quince but 
division into daughter cells not evident; hairs strongly sinuous, pointed, 
up to 1.5 mm. with lumen as broad as walls; single stone cells or small 
groups in fruit flesh; endocarp of small stone cells and an inner fiber- 
like layer. Structure of seed similar to that of apple, 

CHEMICAL COMPOSITION. — Bersch^ analyzed whole medlars, 
after ripening off the tree until the hard white flesh became brown, 
soft, and edible, also the different parts with results as given in the 
following table: 



Wa-ter 

Protein 

Fat 

N-f. ext. 

Invert 

sugar 

Fiber 

Ash 


7c 

% 

% 

M 


% 

% 

Skin. 

63.14 

1.52 

0.98 

26.77 


6.45 

1.14 

Flesh 1 

75.21 

0.65 

0.14 

21.37 

12.04 

1.82 

0.81 

Seeds 

38.42 

1.57 

0.38 

28.73 


29.88 

1.02 

Whole ' 

i 

69.13 

0.86 

0.32 

23.79 

11.14 

5.03 

0.87 


In 2 samples of the flesh of Austrian medlars, Hotter ^ reports the 
following minimum and maximum results: total solids 26.5 to 28.4, 

^Landw. Ters.-Sta,t. 1896, 46, 471. 

’Z. landw. Versuchs. 1906, 9, 747. 
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insoluble solids 9.7 to 11.2, extract 17.9 to 18.3, total sugars as inyert 
10.0 to 10.6, dextrose 3.8 to 4.1, levulose 6.3 to 6.6, sucrose 0.6 to 0.6, 
acids as malic 1.1 to 1.2, taunm 0.05 to 0.05, total ash 0.55 to 0.87, 
and phosphoric acid 0.06 to 0.08 per cent. 

Compositioii of Medlar Juice. — Windisch and Schmidt^ analyzed 
the juice of 2 samples with results in terms of grams per 100 cc. sum- 
marized below: 



Sp- gr- 

Solids 

Pro- 

Acids 

Invert 

Su- 

Tan- 

Ash, 

Ask, 


15^0. 

tein 

as 

malic 

sugar 

crose 

nin 

total 

alk,* 

Min... 

. 1.051 

13.31 

0.24 

1.25 

7.79 

0.00 

0.73 

0.46 

43 

Max. . 

. 1.059 

15.35 

0.41 

1.36 

10.12 

1.16 

0.87 

0.51 

48 

Aver. . 

. 1.056 

14.33 

0.33 

1,31 

8.96 

0.68 

0.80 

0.49 

46 


* Cc. N/10 add per 100 cc. juice. 


Changes in Composition During Storage.— Notwithstanding the 
loss of moisture during storage (“ aiter-ripening Bomtrager ^ records 
also a percentage loss of both invert sugar and acids. The ripe, after- 
ripened, and over-ripened fruits contained respectively: 11.52, 10.78, 
and 8.79 per cent of invert sugar and 1.38, 1.02, and 1.00 per cent of 
acids calculated as malic (C^HsOs). 

Manaresi and Tonegutti ^ state that during after-ripening the acid 
content decreases and the tannin is rendered unobjectionable partly 
by respiration as claimed by Gerber ^ and partly by combination with 
protein according to the theory of Behrens.^ 

Changes in Composition Due to Freezing. — Otto and Kooper ® give 
as the composition of medlars before and after freezing for 8 days the 
results tabulated below: 



"Weight 

Water 

Protein 

Acids 
as malic 

Sugars, 

total* 

Ash 

Before freezing. 

14.5 

74.14 

5.38 

1.22 

11.46 


After freezing. . 

13.3 

69.12 

5.19 

1.08 

11.57 

0.37 


* All in the form of invert sugar. 

1 Z. Enters. Natr.-Genussm- 1909, 17, 584. 

2 Ibid. 1902, 6 , 145. , U 

® Staij. sper. agr. ital. 1919,43, 369. 

^ Compt. rend. 1897, 124, 1106. 

® Zentr. Bakt. Parasitenk. II, 4, 770. 

® Z. Enters. Nakr.-Genussm. 1910, 19, 32$. 
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Acids. — Animal experiments by Caserio ^ indicate that the ripe 
medlar contains practically no ascorbic acid. 

Minor Mineral Constituents. Zinc . — Whole fruit 1.9 mg. per kilo, fresh basis 
(Bertrand and Benzon) 2 

SORB 

Sorbus spp. 

Fr. Sorbier des oiseanx. Sp. Eoan. It. Sorbo de^cacciatori. 

Ger. Vogelbeere. 

The fruits of several species or varieties of the European mountak 
ash or rowan tree are used for making various sweetmeats. 

MACROSCOPIC and MICROSCOPIC STRUCTURE.~No authen- 
tic material available for study. 

CHEMICAL COMPOSinOH. — ^Analyses by Otto and Kooper ^ of 
the over-ripe fruit of S. roadca {S. Ancufaria L. var. rossica Spaeth) 
and aS. moramca {S. Aucuparia L. var. momnca Zeng. = var. dulm 
Kraetzl) show respectively as follows: weight 0.25 and 0.3 gram, 
water 72.53 and 71.35, acids as malic 3.09 and 1.85, total sugars as 
invert 9.15 and 8.95, sucrose 0 and 0.31, and tannin and color 0.52 and 
0.75 per cent. 

Bomtrager*^ found 14.42 and 11.20 per cent of invert sugar and 
0.41 and 0.25 per cent of acids respectively in fresh and ripened fruits 
of the closely related service tree (^8. dcmedica L.). In over-ripened 
fruit an increase of sugars to 13 per cent was noted. 

More complete analyses are those of the flesh of 3 samples each 
of Eberesche (i8. aucuparia) and Speierling (S. domestica) given by 
Hotter ^ as summarized on the next page. 

Analyses by Nuccorini and Bartoli ® show the following composition 
(dry basis) at the beginning of ripening and at complete ripeness: 
soluble matter 12,29 and 37.72, dextrose 2.57 and 16.67, levulose 1.58 
and 12.50, sucrose 0.17 and 1.50, sorbitol 0.42 and 0.26, and free acids 
calculated as malic 2.20 and 9.00 per cent. On the tree the sorbitol 
reached a maximum of 3.54, but after picking this was reduced to 0.26, 
owing to change to dextrose and levulose, not sorbose. 

*Z. Vitaminforsch. 1934, 3, 93. 

2 Bui. soc. hyg. aliment. 1928, 16, 457. 

®Z. Enters. Nabr. Genussm. 1910, 19, 328. 

Hbid. 1902,6, 145. 

®Z. landw. Versuchsw. 1906, 9,747. 

8 Boll, ist, super, agr. Pisa 1932, 8, 277. 
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Composition op Sorb Ftese (Hotter) 



Solids, 

total 

SoHds, 
in sol. 

Ex- 

tract 

Acids 

as 

malic 

Sugars, 

total* 

Dex- 

trose 

Levu- 

iose 

Su- 

crose 

Tan- 

nin 

Ash, 

total! 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Eberesche: 











Min 

24.6 

6.4 

16.2 

1.6 

5.5 

2.3 

3.1 

0.3 

0.20 

0.72 

Max 

27.7 

9.2 

21.9 

2.7 

8.0 

3.8 

4.3 

0.7 

0.27 

0.84 

Speierling: 











Min 

29.9 

12.0 

17.7 

0.6 

12.1 

1.8 

8.3 

0,8 

0.03 

0.60 

Max .... 

31.3 

14.5 

18.3 

0.6 

13.7 

4.7 

11.8 

1 1,7 

0.74 

0.68 


* As invert, t Phosphoric acid: Eboresche 0.08 to 0.14%); Speierling 0.03 to 0. 14*71 . 


Acids. — Y. Euler ^ states that the ascorbic acid in the sorb (S. 
aucuparia dnlcis) may in extreme cases be double that in the tomato 
or citrus fruits. 


HAWTHORN 

Craidegiis spp. 

Er. Cenelle. Sp. Espino bianco. It. Bacca di bianco spino. 

Ger. Mehlbeere. 

The fruits or “ haws ” of some of tlie numerous species of this large 
and bewildering genus are used to some extent for making preserves 
and sweetmeats. 

MACROSCOPIC and MICROSCOPIC STRUCTURE.— In view of 
the numerous species and the small importance of these used as foods, 
structural studies seem unwarranted. 

CHEMICAL COMPOSITION. — A single analysis by Otto and 
Kooper - of the over- ripe fruit of C. coccinea is here given as illustrative 
of the group : 


Weight 

' Water 

.Acids as malic 

1 

Invert sugar j 

Sucrose 

g- 

% 

C7 

/C 1 


% 

2.5 

72.74 

0.81 

7. 84 

0 12 


^ Arkiv. Iverai, Mineral. C?eol. 1933, IIB, Mo. 18; Clieiii. .tbs. 1934, 28, 203.5. 
2 Z. Unters. Nahi-.-Genussm. 1910, 19,328. 
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LOQUAT 

Eriobotrya japonica Lindl. == Phoiinia japonica Gray = 
Crotoeg'us Bihas Lour. 

Fr. NMe du Japon. Sp, Nispero del Japdn. 

It. Nespola di Giapponne. Ger. Japanisclie Mispel 

Meyer ^ believes the loquat to Lave originated in China. Since 
ancient times it has been cultivated in both China and Japan, being 
a fruit of first importance. The tree grows luxuriantly in the Mediter- 
ranean region, the Azores, California, and Florida. 

The loquat is the sub-tropical substitute for the apple. 

MACROSCOPIC STRUCTURE.— Like those of other pomes, the 
flowers (1 cm.) are five-merous with inferior ovary. They have five 
acute calyx lobes, five rounded white petals, twenty stamens, and a 
two- to five-loculed ovary, each locule with two ovules. 

The fruit (Fig. 209) is yellow or orange, 3 to 7 cm. long, pear- or 
plum- shaped, with persistent calyx lobes, a thin skin, a fruit flesh up 
to 12 mm. thick, a membranous endoearp, and one to five, commonly 
three, seeds, separated by membranous dissepiments, one and sometimes 
both the seeds in each locule being abortive. Numerous hairs occur at 
the two ends, but only a few on the body of the fruit. 

The seeds (Fig. 209) are 1 to 2 cm. long, ovate, smooth, dark brown, 
with a thin, leathery spermoderm closely investing an embryo with 
two fleshy cotyledons. 

MICROSCOPIC STRUCTURE. Fruit. — study of the tissues 
shows that (1) the epidermal cells resemble those of the apple, while 
the hairs are much like those of the quince, (2) the fruit flesh contains 
stone cells, but generally these occur singly or in pairs and not as in 
the pear, quince, and medlar in groups, and (3) the endoearp is of 
exceedingly thin-walled elongated cells. 

The cells of the epiderm are polygonal, up to 50 /i in diameter, 
showing indistinct beads and distinct division of mother cells into 
daughter cells. Stomata occur sparingly. As in the quince, the hairs 
are long, pointed, and strongly sinuous or kinky, with lumen usually 
broader than walls. 

In the outer fruit flesh the parenchyma cells are large and sac-like, 
containing here and there oxalate rosettes but no starch at maturity. 
The stone cells have colorless, strongly thickened walls. Though mostly 
occurring singly, groups of two have been observed. As in other pomes, 
the inner fruit flesh, several cells thick, consists of spongy parenchyma. 

1 U. S. Dept. Agr., Fur. Plant Ind. 1911, Ful. 204, 35. 
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The dissepiments consist of spongy paienchyma between the endocarp 

layers. 

A marked distinction from other pomes lies in the cells of the 
endocarp which have exceedingly thin walls. The layer is colorless one 
cell thick, and the elongation is in different tangential directions.' 

Spermoderin (Fig. 210, *S.).— The structure differs widely from* that 
of other pomes. Only three layers are evident : (1) outer epiderm {mp) 
of polygonal cells with exceedingly delicate, hardly visible primary walls 
and secondary mucilaginous thickenings; (2) spongp parenchyma [hr) 



Fig. 209. Fia. 210. 

Fig. 209. — Loq.xiat. Three-seeded fruit cut transversely at center showing seeds 
entire. X 1. (AX.W.) 

Fig. 210. — Lcquat. Seed in cross section. S spermoderm; aep outer epiderm, 
hr brown parenchyma, fv fibro-vascular bundle, p compressed parenchyma. C 
cotyledon with am starch grains. X 160. (KB.W.) 

with somewhat thickened brown walls, forming a layer 300 to 500 ju 
thick, through which run the raphe bundles (fv); and (3) colorless 
compressed parenchyma (p) without evident differentiation of an inner 
epiderm. 

Perispeim and Endosperm.—Neither is evident at maturity. Pos- 
sibly one or both are included in the structureless band forming the 
inner tissue of the spermoderm. 

Embryo. — A remarkable character of the cotyledons (Fig. 210, C) is 
the presence, in the thick-, porous-walled mesophyl, of starch grains 
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(am) of the tapioca type, up to 10 ji, occurring commonly in aggregates 
of two to four individuals. A hilum is evident. ISTo other seed of the 
rosaceous species described in this work contains starch in the embryo. 

Chief Sthuctueal Characters. — Fruit pear- or plum-shaped, yel- 
low or orange; locules one to five; endocarp thin, soft. Seeds 1 to 2 cm. 
long; spermoderm brown, leathery; cotyledons deshy. 

Epidermal cells of fruit polygonal, up to 50 yu, mother and daughter 
cells marked; hairs long, sinuous, with lumen broader than walls; stone 
cells of fruit flesh occurring singly or as twins; endocarp cells elongated, 
very thin-walled. Outer epidermal cells of spermoderm polygonal with 
mucilaginous secondary thickening but no tertiary thickening; paren- 
chyma brown, bulky. Perisperm and endosperm lacking. Cotyledons 
unique among rosaceous fruits in having thick-, porous-walled cells 
with starch grains of the tapioca type, up to 10 

CHlMICil COMPOSITION.— Condit ^ gives analyses by Jaffa of 
the flesh (edible portion) of 2 varieties of loquat, Thales and Champagne, 
grown in California. The fruit consisted of pulp 70 and 62, seed 15 
and 18, and skin and core 15 and 20 per cent respectively. 

Composition Loqtjat Putp 



Water 

Pro- 

tein 

Fat 

Dex- 

trose 

Su- 

crose 

Fiber 

Ash 

Un- 

deter. 

Thales 

89.0 

0.35 

0.06 

8.95 

0.94 

0,30 

0.29 

0.11 

Champagne. . . 

85.0 

0.32 

0.03 

11.96 

0.83 

0.37 

0.36 

1.11 


Borntrager 2 found in terms of grams in 100 cc. of the juice of unripe, 
partly ripe, and fully ripe fruit respectively: invert sugar 2.74, 4.20, 
6.00; sucrose 4.30, 2.47, 4.94; and acids as malic 1.75, 0.84, 0.60 per 
cent. Similar results were obtained by Traetta-Mosca, Papocchia, and 
Galimherti.^ 

Kursanov^ states that dextrose and citric acid in the pericarp 
increase, the former only slightly, during the early stages of ripening 
but later decrease. As ripening proceeds, maltose, tartaric acid, and 
iiinygdalin almost completely disappear, dextrin, starch, hemicellulose, 
cellulose, proteins, and non-protein nitrogenous substances decrease, 

1 California Agr. Exp. Sta. 1915, Bui. 250. 

2 Z. Enters. Nahr.-Genussm. 1902, 6, 145. 

® Ann. chim. appL 1923, 13 , 333. 

4 Planta 1932, 15, 752; (Abt. E. Z. wiss. BioL). 
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the chief substances present at full ripening being levulose, sucrose, and 
malic acid. In the seed dextrin remains constant, amygdalin, starch, 
hemicellulose, and cellulose increase, and nitrogenous substances decrease 
during ripening. 

A paper by Church and Sorber, entitled ‘'The Chemical Composition 
of the Loquat,’’ was read at the New Tork Meeting of the American 
Chemical Society, April 22, 1935. 

Acids. Traetta-Mcsca et al.^ report fYicdic, citric^ tartGric^ and 
succznic Gcids, but their fLndings need confirmation in view of their 
disagreement with other authors as to the acids of the apricot and 
cherry. 

Glucosides. Herissey ^ isolated amygdalin in crystalline form from 
an alcoholic extract of the kernel. Previous investigators had noted 
the liberation of hydrocyanic acid on treatment with emulsin. 

Enzymes. Traetta-Mosca and co-workers^ detected ojtidase and 
peroocidase in the unripe loquat but not in the ripe fruit. Inverting 
amylase, and emulsin occurred at all stages of development. 

^ Loc. cit. 

2 J. pharm , chim. 1906, [6] , 24, 355. 

3 loc. cit. 



IL STRAWBERRIES 


{Poiervtillese) 

OnI/T one genus, Fragaria, the species of which are collectively known 
as strawberries, is represented. The large succulent receptacle is the 
yaluable portion of the fruit, the aohenes, or fruits proper, being small, 
dry, and hard. 

COMPARATIVE MACROSCOPIC STRUCTURE.— Classified ac- 
cording to the fruit, the species fall into two groups: (1) those having 
achenes sunken in the receptacle and (2) those having achenes not 
sunken in the receptacle. American varieties belong in the first group, 
European varieties in the second group. 

COMPARATIVE MICROSCOPIC STRUCTURE.— The structure 
of the American strawberry as given below fairly represents the whole 
group. 

COMPARATIVE CHEMICAL COMPOSITION.— Reducing sugars 
exceed sucrose in amount. The acid consists chiefly of citric with a 
small amount of malic. 

AMERICAN STRAWEERRY 

Fragaria chiloenm Duchesne 
Er. Fraise du Chili. Ger. Ananaserdbeere. 

Bailey^ divides American strawberries into three groups: (1) the 
Virginian group including the common Eastern field and meadow species, 
F. virginiana Duchesne and its varieties, (2) the vesca group, including 
the European alpine species (F. vesca L.) and the American wood 
strawberry (F. vesca var. americana Porter), and (3) the Chilean group, 
including the wild species of the Pacific Coast and the common American 
garden varieties. 

Epicures are well agreed on giving the strawberry the first place 
among small fruits. Strawberry jam is also delicious, especially if 
made from wild fruit. Crushed strawberries and strawberry syrup are 
much used in soda-fountain beverages and ice cream. 

^Evolution of our Native Pruits, London, 1898, pp. 4=28-432. 
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MACROSCOPIC STRUCTURE.^ — Characteristic of the genus is the 
succulent receptacle constituting the valuable part of the fruit. 

The flower has five hracts alternating with five calyx lobes, five 
white petals, numerous short stamens borne on a disk, and numerous 
one-ovuled pistils, with style arising from near the base on the ventral 
side, borne on the receptacle. On ripening, the bracts and calyx lobes 
persist without withering and the receptacle becomes much enlarged- 
In the Chilean and Virginian ^oups, the aehems (Fig. 211, II and 
III) are borne in depressions on the receptacle (I) ; in the vesca group, 
there are no depressions- The outer receptacle tissues are usually red 
and of different texture from the white pith. Between the two run the 
main bundles from which secondary bundles shoot off to the achenes. 
The achenes are ovoid, about 1 mm. long. The styles are about 2 mm. 
long, narrowed at the base. A cross section of the achene (lY) shows 



Fig. 211. — Strawberry. I aggregate frait, X 2. II achene, X 1. Ill achene; Bty 
style; Bti stigma; B connecting bundle. X 8. IT achene in cross section: F 
pericarp; S spermoderm; R raphe; E endosperm; Em embryo. X 32. (AX.TT.) 

the dry, shell-like pericarp (F) and a thin skin consisting of spermoderm 
(aS) with raphe (F), perisperm, and endosperm {E) enveloping the 
embryo (Em) with two large cotyledons. 

MICROSCOPIC STRBCTIJRE —Xraus ^ studied the pericarp and 
Tschierske^ all the tissues but those of the seed. Blyth'^ and ^^larp- 
mann ^ describe certain tissues found in jams. Winton ^ describes all 
the tissues. 

Receptacle (Fig. 212) .—Following the nomenclature of stems, the 
five tissue zones are (1) epiderm (ep) of polygonal cells, stomata {sio), 

1 Flings. Jahrb. wiss. Bot. 1866, 5, 83. 

2 Z. Natnrwiss. 1886, 59, 594. 

® Foods, etc., London, 1909, p- 133. 

4 Z. angew. Mik. 1896, 2,97. 

s Z. Enters. Nahr.-Genussm, 1902, 6, 785; Connecticut Agr. Exp. Sta. Rep. 1902, 

p. 288. 
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and long, pointed, thick-walled hairs (A) ; (2) hypoderm {hy) of meriste- 
matic cells, without intercellular spaces, which form by cell division the 
hulk of the berry; (3) cortez or fruit flesh of rounded cells with inter- 
cellular spaces; (4) bundle zo%e with spiral and annular vessels; and 
(5) pith of thin-walled cells, often torn asunder during growth leaving 
large cavities. 

Tsehierske was the first to show that the cells of the hypoderm by 
division form the fruit flesh. This tissue, which he named the sarkogen 
layer, resembles cork but it forms new cells on the inner, not the outer, 
side and remains active throughout the whole period of growth. The 
cells, like cork cells, divide by tangential partitions. Both the outer 
and inner cells thus formed increase in size, the outer holding to its 



Fio. 212. — Strawberry. Receptacle in surface view, ep epiderm with A liair and 
slo stoma; hy hypoderm; k glucoside (?) crystals. X 160. CA.L,W.) 

original form and the inner soon becoming the typical round cells of 
the cortex with marked intercellular spaces. 

Style and Stigma (Figs. 213 and 214). — With low magnification, the 
style is readily distinguished from the styles of bramble berries by the 
constricted base. With higher magnification, the large size and trans- 
parency of the epidermal cells (ep) are noticeable. Through these the 
underlying tissues are readily seen, the central cylinder appearing darker 
than the outer tissues. Spiral (sp) and annular vessels, also accom- 
panying crystal cells (k) with oxalate rosettes, are evident on clearing 
wit h chloral or sodium hydroxide. Papillae make up the stigma. Fungous 
threads are often present in great numbers obscuring the structure. 

Pericarp (Fig. 215, F ), — Cross sections show four layers; (1) epicarp 
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{epi) of quadrilateral cells which in surface view are polygonal, (2) 
mesocarp (imes) of only one or two rows of thin-walled cells with the 
transverse branches of the fihro-vascukr bundles in the inner side, (3) 
cry dal cells (k), each with a single monoclinic crystal, forming a single 
row, and (4) mdocarp of four or five outer rows of longitudinal seleren- 
chyma fibers (IJ) and one or two inner rows of transverse sclerenehyina 
fibers (g/). 

On the dorsal side of the achene, some of the fibers of the inner 
endocarp extend radially through the outer endocarp, a provision that 
aids in splitting the tissues during sprouting. 

Spemoderm (Fig. 215, >S; Fig. 216).“-Only two layers, each one 



Fig. 213. 



Fig. 214. 


Pig. 213. — Strawbeiry, Style and stigma. X 32. (A.L.W.) 
Fig. 214. — Strawberry. Style in surface 'view, ep epiderui ; sp spinil 
k ciystal cells. X 300. (A.L.W.) 


cell thick, are evident except about the raphe. The outer layer or 
outer epiderm (ep) consists of remarhable spiral-reticulated cells with 
thickenings on the inner and radial walls but not on the outer walls. 
These cells are characteristic of Fragaria and do not occur in any of 
the other edible rosaceous fruits herewith described. A layer of trans- 
versely elongated, brown cells (hr), arranged side by side in rows, 
immediately adjoins the outer epiderm. 

Perisperm (Fig. 215, N). — A thin membrane-like layer consisting 
of compressed cells adheres on the one side to the spermoderiii, on the 
other to the endosperm. 

Endospeim (Figs. 215 and 216, E).—Alenronc cells form a single 
layer. 
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Embryo. — ^Tke bulk of tlie seed consists of the cotyledons with thin- 
walled cells contaiaing small aleurane grains and Jat. 

Chief Structural Chaeactees. — ^Receptacle fleshy and succulent. 



Fig. 215. — Strawberry. Achene ia cross section. F pericarp: epi epicarp, mes 
laesocaxp, sp spiral vessels, k crystal layer, If longitudinal and gf transverse fibers 
of endoearp. S spermoderm : ep outer epiderm, br brown layer. JY perisperm. 
E endosperm. X BOD. (A.L.W.) 

Achenes ovoid; in depressions; styles constricted at base, attached 
near base of achenes; pericarp with hard endoearp. Spermoderm, 

perisperm, and endosperm thin; 
cotyledons bulky. 

Epiderm of style of large 
transparent cells. Epiderm of re- 
ceptacle with long, pointed, thick- 
walled hairs. Epicarp and meso- 
carp of thin-walled, polygonal cells; 
third layer of pericarp of crystal 
cells; endoearp of crossing layers 
of sclerenchyma fibers. Outer epi- 
derm of spermoderm of spiral- 
reticulated, inner layer of trans- 
versely elongated cells. Endosperm 
of single aleurone layer. Coty- 
ledons containing aleurone grains 
and fat. 

CHEMICAL COMPOSITION (European and American species). — 
The table below shows analyses by Buignet^ of the fruit of several 
1 J. pharm. chim. 1869, [3], 36, 170. 



Fig. 216.— Strawberry. Outer seed tis- 
sues in surface view. Spennoderm: ep 
outer epiderm, br brown layer. E 
endosperm. X BOO. (A.L.W.) 
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species native to Europe and America; also summaries of analyses of 
American cultivated berries by Stone, ^ Shaw,^ and ]\Iuiison, Tolman, 
and Howard,^ and of European berries by OligA The “ hulls (sepals), 
which in Stone’s berries formed 2.41 to 5.53 aver. 3.34 per cent of the 
whole, were presumably removed in preparing the samples. Shaw’s 
berries contained 1.04 to 2.27, aver. 1.52 per cent of crude fiber. It 
need hardly be stated that no general conclusion should be based on 
the single analyses of the individual species, although it would appear 
that the small wild berries are less succulent than those of the large- 
fruited cultivated varieties. 


COMPOSITIOJT OF 



Sam- 

ples 

Solids, 

total 

Solids, 

insoL 

Pro- 

tein 

Adds 

as 

citric 

Sugars, 

reduc- 

ing 

Su- 

crose 

Alco- 

hol 

PPt. 

A&h, 

total 

Ash, 

fflllr. * 

Buignet: 

F. elatior. . . 

1 

% 

14.21 

% 

% 

1.44 

CD 

o 

% 

6.07 

% 

2.94 

% 

% 

0.94 

CC. 

F. virgmiana 

1 

17. 95 



1.56 

0.76 

11.12 



1.15 


F. vesca (?). 

1 

16.40 



1.37 

0.68 

8.03 

1.26 

, . . . 

1:26 


F. Collina.. 

1 

17.71 



2.27 

0.57 

4.98 

6.33 



1.45 


F, chiloensis 

1 

11.96 



0.73 

0.60 

7.13 

1.07 

.... 

1.02 


Stone : 

Min 

20 

7. 57 



0.72 

1.10 

3.91 

0.02 


0.37 


Max 


12.28 



1.23 

1.99 

6.71 

1.17 


0.82 


Aver 


9.48 



0.97 

1.43 

4.78 

0.68 


0.61 

... 

Shaw: 

Min 

9 

8.48 



0.62t 

0-19t 

3.07§ 

[ 

0.62§ 


0.25 


Max 


18.30 



1.12t 

l,12f 

5.44§ 

l.£9§ 


0.66 


Aver 


1 11.43 

. 


0.86t 

0.78f 

3.79§ 

1.02 § 


0.41 


Munson et al. : 
Min 

5 

6.85 ^ 

2 

57 

0.47 

1.05 

2.72 

0.09 

0.48 

0.51 

48 

Max 


12.88 i 

5 

67 

0.74 

1.72 

3.94 

1.43 

0.56 i 

0.76 

101 

Aver 


8.74 j 

3 

39 

0.59 

1.31 

3.22 

0.46 

0.61 

0.62 

63 

Olig: 

Min 

3 

9.96 ^ 

2 

06 


1.2111 

5.11 

o.iill 


0.50 

38 

Max 


12.57 

2 

89 


1.4911 

6.60 

0.2611 


0.62 

51 

Aver 


10.98 

2 

47 


1.3B1I 

6.71 

0.19|l 


0.56 

45 


^Cc.N / 10 acid per lOO grams of fruit, t 7 samples. % 8 samples. § 5 samples .112 samples . 


1 Tennessee Agr. Exp. Sta. Bill. 1889, 2, 69- 
^ Oregon Agr. Exp. Sta. 1900, Bnl. 62- 
3 E. S. Dept. Agr., Bxor. Chem- 1905, Bri- 66 rev. 
< Z. Unters. N'ahr.-Genussm. ISIO, 19, 558. 
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The following analyses of the pulp of 5 samples of strawberries are 
by Hotter : ^ 

Composition of Strawbeebies (Hotter) 



Solids, 

total 

Solids, 

insol. 

Ex- 

tract 

Acids 

as 

malic 

Sugars, 

total* 

Dex- 

trose 

LevU" 

ulose 

Su- 

crose 

Tan- 

nin 

Ash, 

total! 

Min. . . . 
Max. . . . 

% 

16.6 

20.5 

% 

6.9 

8.9 

% 

10.1 

12.3 

% 

1.2 

1.5 

% 

5.0 

7.1 

% 

2.4 

3.3 

% 

2.6 

3.8 

0.2 

0.8 

% 

0.29 

0.48 

% 

0.62 

0.99 


* As invert, f Phosphoric acid 0.09 to 0.15%. 


Composition of Wild and Culti\rated Strawberries. — Yercier^ ana- 
lyzed the fruit of wild strawberries and 16 cultivated varieties with the 
results given below. The variation in color was 1 : 2. 


Composition of Wild and Cultivated Strawberries 



Weight 
per fruit 

Solids 
per 100 g. 

Juice 

per 100 g. 

In 100 cc. Juice 

Acids as 
citric 

Sugars 


g- 

g- 

g* 

g* 

g- 

Wild 

0.50 

46.4 

53.6 

1.23 

9.0 

Cultivated : 






Min 

3.30 

14.0 

54.3 

0.67 

6.4 

Max 

9.46 

45.7 

86.0 

1.30 

8.6 


Compositioa of Strawberry Juice. — A summary of 29 analyses of 
strawberry juice by Windisch and Schmidt ^ follows on the next page. 

Respiration. — Gore,^ working with 2 varieties of strawberries, noted 
a maximum evolution of 151 mg. of carbon dioxide per kilo per hour at 
26.2° C. and a minimum of 17 mg. at 2° C. 

The ratio of CO 2 to O 2 of varieties with firm flesh was found by 
Overholser, Hardy, and Locklin ^ to be greater than that of varieties 
with soft flesh. The ratio and intensity increased with the advance 
of the season. 

1 Z. landw. Yersuchsw. 1906, 9, 747. 

2 Prog. agr. vit. 1929, 92, 281. 

3 Z. Unters. N'ahr.-Genussm. 1909, 17, 584. 

^ U. S. Dept. Agr., Bur. Chem. 1911, Bui. 142. 

& Plant Physiol 1931, 6, 549. 
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Composition of Strawbebey Juice (Windisch and Schmidt) 


(Grams per 100 cc.) 



Sp. gr. 
15° C. 

Solids ! 

Pro- 

tein 

Acids 

as 

citric 

Invert 

sugar 

Su- 1 
crose 

Tan- 

nin 

Ash, 

total 

Ash, 

alk.* 

Min. . . 

1.023 

5.92 

0.18 

0.58 

3.03 

0.00 

0.13 

0.32 

34 

Ma.x . . . 

1.046 

11.96 

0.37 

0.94 

7.75 

0.54 

0 13 

0.60 

64 

Aver.. .1 

1.C30 

7.71 

0.26 

0.71 

4.46 

1 

0.24 

0.13 

0.43 

48 


* Cc. JV/IO acid per 100 grains of juice. 2 saiaiies. 


Fatty Oil of Seed. — The ^'seed^^ contains a drying ail similar to 
that of the blackberry and raspberry (which see). The data on the 
values of the oil are meager and discordant. 

Acids. — -Tmchon and Martin-Claude ^ give tartaric as the acid of 
the strawberry, Kunz and Adam^ give citric, and Muttelet*^ gives 
citric with traces only of tartaric. In a later paper Mnttelet reports 
1.05 and 1.12 per cent of citric acid in 2 varieties. Paris ^ found citric 
together with a small amount of malic act'd, and kelson® confirmed 
his findings by the ester distillation method, about 90 per cent being 
citric and 10 per cent Z-malic acid. Bigelow and Dunbar ^ reviewed 
the literature up to 1917 but do not appear to have studied this fruit 
themselves. 

Mineral Constituents.— Kulisch * and Haskins^ report percentages 
in the fresh fruit as given in the following table: 



Water 

Ash 



CaO 

MgO 



% 







Kiilisc’h .... 

so, so 

0 .667 

0.313 


0.070 

0.043 

0.084 

Haskins. . . . 


0.52 

0.26 

0.02 

0,07 

0.04 

0 10 


i Ann. cliim. anal. IDOl, 6, 85. 

^ Z. allgem. oesterr. Apoth-Yer. 1906, 44:, 187. 

3 Ann. fals. 1909, 2, 383. 

^ Ibid. 1922, 16, 453. 
sChem.Ztg-1902,26,248. 

® J. Am. Chem. Soc. 1925, 47, 1177. 

T J. Ind. Eng. Chem. 1917, 9, 762. 

* Z. angew. Chem. 1894, p. 148. 

® Massachusetts Agr. Exp. Sta. 1919, Spec. Bui. 
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Minor Mineral Constituents. Iron , — ^Edible portion 9 mg. per kilo, fresh basis 
(Bunge)> Edible portion 6.6 mg. per kilo, fresh basis (Peterson and Elvehjein).^ 
Aluminum . — Berries and caly:x 158 mg- per kilo, dry basis (Bertrand and Levy).® 
Co'pper . — ^Edible portion 0.2 tng. per kilo, fresh basis (Lindov, Elvehjem, and 
Peterson) > 

Zinc . — Edible portion 0.9 mg. per kilo, fresh basis (Bertrand and Benzon).® 


EUROPEAN STRAWBERRY 

Fmgariavesca L. 

Fr. Fraise. Sp. Fresa. It. Fragola. Gei. Walderdbeere. 

The common wild or alpine strawberry of Europe is the type of 
this species from which have been derived cultivated varieties that 
bear fruit throughout the greater part of the season and in this respect 
resemble the ever-bearing varieties derived from the Chilean species. 

Another and more hairy wild European species of the vesca type, 
the parent of certain cultivated varieties, is the hautbois (F. moschatd 
Duchesne = F. elaticr Fhrh.). 

Wild strawberries are more industriously gathered in Europe than 
in America owing to the cheaper labor. They are sold in market places 
and served as delicacies in hotels. 

MACROSCOPIC STRUCTURE. — ^Berries of the vesca type bear 
the achmes flush with the surface and not in depressions. 

MICROSCOPIC STRUCTURE. — ^As in the American strawberry. 

CHEMICAL COMPOSITION.—See American Strawberry. 

1 Sherman: V. S. Dept. Agr., Off. Exp. Sta. 1907, Bui. 185. 

2 J. Biol. Chem. 1928, 78, 215. 

5 Compt. rend. 1931, 192, 525. 

^ J. Biol. Chem. 1929, 82, 465. 

® Bui- soe. hyg. aliment. 1928, 16, 457. 



m. BRAMBLE BERRIES 

(Ruhese) 

All the common bramble berries belong in the genus Enbm, The 
culti^rated varieties of the raspberry and the blackberry in Europe and 
America are largely derived from native species. Cultivated dewberries 
are more distinctly American, while the loganberry is a hybrid of a 
European raspberry and an American blackberry. The cloudberry is a 
cosmopolitan sub-artic species. The wineberry is an importation from 
Japan. The taxonomy of the genus is much confused. 

COMPARATIVE MACROSCOPIC STRUCTURE.— Only one of the 
two ovules of each pistil develops into a seed. The aggregate fruit 
consists of numerous or several drupelets closely crowded on the recep- 
tacle. It has a juicy mesocarp free from stone cells, a hard endocaip, 
a thin spermoderm, perisperm, and endosperm, the latter, however, 
relative to the size of the embryo, being thicker than in the drupes. 

Classified according to the berries, there are two groups: (1) drupe- 
lets loosely attached to receptacle, separating as a thimble-shaped 
aggregate (raspberry, wineberry), and (2) receptacle closely attached 
to drupelets and picked with them (blackberry, dewberry, loganberry, 
cloudberry). In both groups there are hairy and smooth members. 
The raspberry and loganberry, which are hairy on the exposed surface, 
are smooth below, whereas the wineberry, which is smooth on the exposed 
surface, is hairy below. The blackberry is smooth throughout ; the dew- 
berry and cloudberry are nearly smooth. 

Long styles (about 3.5 to 4 mm.) occur on the raspberry, loganberr^^, 
and cloudberry, short styles (about 2 mm.) on the blackberr}", dew- 
berry, and wineberry. The drujpelets and stones are largest in the 
cloudberry but are larger in the blackberry, dewberry, and loganberry 
than in the raspberry and wineberry. The stone is smooth in the 
cloudberry, furrowed like a peach stone in the other species. 

COMPARATIVE MICROSCOPIC STRUCTURE. Styles.— The 
ejoiderm is wrinkled in the raspberry, loganberry, and wineberry, prac- 
tically smooth in the blackberry, dewberry, and cloudberry. 

Pericarp.— The epicar^) cells of the blackberry and dewberry are 
transversely elongated; those of the wineberry, raspberry, loganberry, 
and cloudberry are more nearly isodiametric. Thin-walled kinky hairs 
characterize the raspberry and the wineberry, thicker-walled, somewhat 
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kinky or sinuous kairs the loganberry, very thick-walled, stiff hairs 
the cloudberry. 

Mesocaxp. — A characteristic of the group is the radial elongation 
of the cells forming the bulk of the fruit flesh, the increase in size of 
the fruit during growth, as shown by Tschierske,^ being due to the 
increase in length of these cells and’ not to cell division. 

Endocarp.—As in the drupes, the tissue is sclerenchymatous, bat 
typical stone cells are absent, all the cells being fibers which are longi- 
tudinally arranged in the outer part and transversely in the inner, 
except in the cloudberry where the reverse is true. 

Speimodeim, — In the raspberry and loganberry the cells of the 
outer epiderm are larger than those of the inner epiderm; in the black- 
berry, dewberry, and wineberry the reverse is true. A loose tissue 
occurs between the epiderms of these species. In the cloudberry the 
cells of all the layers except the outer epiderm are collapsed. 

The Perisperm forms a thin collapsed tissue. 

Endosperm. — Several layers of alenrone celU are present. 

Embryo. — Small aleurone grains and fat are the visible cell contents. 

COMPARATIVE CHEMICAL COMPOSITION .-'The saccharine 
matter is largely reducing sugars. The acids in the principal members 
of the group are chiefly citric, with small amounts of malic. Such 
examinations as have been made show that the oil of the seed has a 
high iodine number. 


RED RASPBERRY 

Rubus strigoms Michx. = J2. idseus var. strigosus Maxim; R. idmus L. 

Fr. Framboise. Sp. Frambuesa. It. Lampone. Ger, Himbeerc. 

As is also true of strawberries and gooseberries, varieties of red 
raspberries commonly grown in North America have a different parent- 
age from European varieties. In the instance at hand, however, the 
American species R, strzgosus, from which most of the American varieties, 
including the Cuthbert and Marlboro, have been derived, is so closely 
related to the European species R. idssns as to lead some authorities 
to the conclusion that it is merely a variety of the latter. In addition 
to the common varieties that yield but one crop, so-called ever-bearing 
varieties, producing a second crop in the Fall, have been introduced. 
This is a characteristic of the European species. Yellow-fruited varieties 
are partly derived from the red and partly from the black species. 

The flavor of the berries is less injured by cooking than that of most 
fruit, which explains the large demand for raspberry jam and soda- 
^vater syrup. ^ z. Nat™. 1886, 69, 6 12. 
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MACROSCOPIC STRUCTXJRR. — All tli6 garden vari€ti 0 s haiv6 
white flowers in striking contrast to the large rose-colored flowers of 


the wild R, odoratus L. which also yields edible 
berries, although seldom gathered. The calyx is 
five-parted, persistent; the five petals are small, 
deciduous. The numerous stamens are inserted at 
the base of the receptacle on which the numerous 
pistils are borne. Two pendulous ovules are present 
in each one-celled ovary, one usually becoming 
abortive. The style is nearly terminal. 

On separation from the receptacle at full ma- 
turity, the drupelets remain together as thimble- 
like groups (Fig. 2 17, 1) . Although there is no organic 
connection between the individuals, Tsehierske ^ has 
shown that they are closely fitted together like the 
stones of a vaulted ceiling and held in place by the 
interlocking of the kinky hairs which are present 
only on the exposed surface, the facets between the 
drupelets being smooth. 

Each drupelet resembles a miniature peach, not 
only in being hairy but also in having an elongated, 
furrowed stone (Fig. 217, III and IV). A cross sec- 
tion of the drupelet (II), examined with low magni- 
fication, shows that the outer part {F) of the stone 
is of different texture from the inner (FO and that 



ir IV 



Fig. 

Epi 

.S SI 


Fig. 217. . i 

217 —Red Raspberry. I aggregate fruit. X 1. II clnii>elet iii t*russ > vv \ um \. 
epicLii'p; Ev hYiHxif'riii ; Mes luesociirp; F outer and ^ eiuiiH'aip, 

nn-nn^ikn-m] R E X 32. Ill spuuy • 1. 

IV stone. X S. (A.L.\Y.) 

Ficj. 218.— Red Raspberry. Style and stigma. X 32. (A.I..\\.) 


Z. Naturwiss. ISSfi, 59, 612. 
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the endosperm (B) forms nearly if not quite as much, of the bulk of 
the seed as the cotyledons {Em). 

The style (Fig. 218) on the fruit reaches 4 mm. in length. It is 
further unlike the style of the strawberry in that at the base it is 
broad, not constricted, and hairy. 

MICROSCOPIC STRUCTURl.™As shown by 
Winton/ the work of Tschierske^ and Marpmann^ 
on the European red raspberry applies also to the 
American berry. 

Style (Fig. 219).— Characteristic of the styles 
are the epidermal wrinkles brought out by treat- 
ing with iodine in potassium iodide (Tschierske) 
or bleaching with Labarraque solution and staining 
with safranin. Because of these wrinkles the style 
is less transparent than that of the strawberry and 
blackberry. 

Pericarp. — The layers are (1) epicarp (Fig. 
220) made up on the facets of only polygonal 
cells, on the exposed surface of polygonal cells, 
hairs (A, h'), and stomata (do); (2) hypodem (Fig. 217, Hy) of collen- 
chyma cells ; (3) mesocarp (Mes), except for the extreme and inner 
parts of narrow, radially much-elongated cells; and (4) endocarp (Fig. 



Fig. 220.— Red Raspberry. Epicarp in surface view with h' straight hair, k sinu- 
ous hairs, and sto stoma. X 160. (A.L.W.) 

221, End) of outer longitudinal {If) and inner transverse [qf] scleren- 
chyma fibers. 

^ Z. Uaters. Nahr.-Genussm. 1902, 6, 785; Connecticut Asr. Exp. Sta. Rep. 1902, 

p. 288. 

2 Z. Naturwiss. 1886, 69, 612. 

2 Z. angew. Mik. 1896, 2, 102. 



Fig. 219.~Red 
Raspberry. Style in 
surface view, epepi- 
derm; sp spiral ves- 
sel; k crystal cells. 

X 300. (A.L.W.) 
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For the most part, the epidermal hairs (Fig. 220) are thin-walled 
and kinky (h) but occasionally a somewhat thicker-walled straight 
hair {h') is present. They are so numerous that they often occur at 
several angles of a parenchyma cell. Tschierske notes that evaporation 
is retarded by the collenchyma of the hypoderm. Cells containing 



Pig. 221. — Eed Easpberry. Stone in cross section. End endocarp: Z/ longitudi- 
nal fibers, qf transverse fibers. & spermodemi; ep outer epidenn, p parencliyma, 
ie'p inner epidenn. N perisperm. E endosperm witfaL k aleurone grains. X 300. 

(AE.W.) 


crystals occur among the isodiametiic forms of the outer mesocarp. 
Tschierske found in his deyelopmental studies that the increixsc in size 
of the fruit on ripening is due to the radial extension of the middle 
mesocarp cells and not, as in the strawberry, to the sarkogen layer. 

The structure of the sclermchyma filers of the endocarp resembles 
that of bast fibers. The middle lamella is faint or not evident while the 
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secondary tMckening forms a prominent network in sections, staining 
yellow with chlorzinc iodine, and the tertiary thickening adjoins the 
lumen, staining blue. 

Spermoderm (Fig. 221, S). — Except for the absence of sclerenchyma 
cells, the structure is similar to that of the drupes, consisting of (1) 
outer epiderm {ep) of cuticularized ceEs, up to 70 ja in diameter, which 
are quadrilateral in cross section and polygonal in surface view; (2) 
parenchyma {p) often collapsed; and (3) inner epiderm {iep) of cells 
like those of the outer epiderm but smaller, up to 30 and with brown 
contents. 

Perisperm (Fig. 221, iV). — Compressed cells. 

Endosperm (Fig. 221, E). — This consists of aleurone cells, several 
thick, and an inner layer of ccmpressed cells. 

Embryo. — Small aleurone grains and fat are the visible cell contents. 

Chief Structural Characters. — Berries thimble-shaped ; drupe- 
lets red or yellow, hairy on exposed surface; style 4 mm., at base hairy 
and broadened; stone furrowed. Spermoderm thin; endosperm nearly 
as bulky as embryo. 

Epicarp hairs mostly thin-walled, kinhy; mesocarp cells radially 
much elongated; endocarp fibers longitudinally elongated in outer and 
transversely in inner part. Outer epidermal cells of spermoderm larger 
than inner. 

CHEMICAL COMPOSITION,“-On the next page are summaries of 
analyses by Munson, Tolman, and Howard ^ of both red and black 
raspberries grown in the United States and of analyses by Olig- of 
raspberries, varieties not stated, grown in Germany and Holland. 

Analyses by Hotter^ of the pulp of 6 samples grown in Austria, 
not strictly comparable with those in the foregoing table, gave as 
follows: total solids 13.3 to 30.5, insoluble solids 4.0 to 16.3, extract 

9.4 to 14.1, total sugars as invert 4.9 to 6.6, dextrose 2.1 to 3.3, levulose 

2.5 to 3.4, sucrose 0.2 to 0.3, acids as malic 1.6 to 2.3, tannin 0.21 to 
0.31, total ash 0.44 to 0.78, and phosphoric acid 0.07 to 0.16 per cent. 

Results of determinations of protein, acidity, reducing sugars, and 
soluble pectins, made by Knight,*^ on raspberries grown under like 
conditions show wide variation but no correlation with canning, cooking, 
or dessert qualities. 

The formation of volatile substances in raspberries during ripening, 
according to Rendle,''* takes place without the aid of ruicro( 3 rganisins. 

^ U, S. Dept. Agr., Bur. Chem. 1905, Bui. S6 rev. 

^ Z. Unters. Uahi-.-Genussm. 1910, 19, 558. 

® Z. landw. Versiichsw. 1906, 9, 747. 

^ ITniv. Bristol Agr. Hort. Res. Sta. Ann. Rep. 1932, p. 32. 

5 Analyst 1933, 58, 69; 
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Composition of Iasfberries 



Sana-I Solids, 

Solids, Pro- 


total 

insol. 

tein 

Mnnson et al.: 

Red 

Min 

13.16 

6.62 

0.93 

Max 

13.41 

7.12 

1.02 

Aver 

13. 2€ 

6.87 

0.98 

Black 

Min 

18.67 

8.59 

1.13 

Max 

21.97 

11.23 

1.30 

Aver 

20.32 

9.91 

1.21 

Olig: 

G-eririaii 

Min 

11.90 

5.33 


Max 

15.99 

7.89 


Aver. .... 

13.73 

6.63 


Dutch 

Min 

13.07 

8.71 


Max 

17.46 

13.63 


Aver 

14,74 

10.28 



Acids Sugars 
as reduc- 
citric ing 

Su- 

crose 

Alco- 

hol 

PPt. 

Ash, 

total 

Ash, 

alk.* 





% 

re. 

1.57 

3.52 

0.76 

0.70 

0,53 

59 

1.59 

3.53 

0.83 

0.78 

0,55 

61 

1.68 

3.62 

0.80 

0.74 

o.a 

60 

1.11 

6.39 

0.00 


0.77 

76 

1.11 

6.59 

0.00 


0.85 

115 

1.11 

6.49 

0.00 


0.81 

96 

1.10 

2.36 

0.10 


0.56t 

44 

2.20 

4.44 

0.34 


0.64t 

51 

1.84 

3.63 

0.18 


o.eot 

48 

1.63 

0.37 

0. 02 


o.sot 

37 

1.90 

2.29 

0. 17 


Q.mt 

50 

1.80 

1.02 

0.10 


0.651 

44 


* Cc. A^/10 acid per 100 grams of fruit, 'f Phosphoric acid, total 0.081 tt) O.llii, aver. ( 
water-soluble 0.050 to 0.073, aver. 0 . 0 € 1 %>. { Phosphoric acid, total 0.003 to €.128, aver. @,10S, 
water-soluble O.Oyo to 0.055, aver. 0.04S^. 


Owing to the high enzymic activity of this fruit, pectie substances 
change rapidly after picking with consequent loss of gelatinizing power, 
but this change is arrested by heating. 

Composition of Raspberry Juice.— From the data given above by 
Munson and co-workers maybe derived figures for the compos it ion of 
the juice agreeing closely with those by analysis (see Strawberry), 

Summaries of actual analyses by Windisch and bchinidt ’ of the 
juice of German red and black raspberries, and by Soniogyi and Weiser - 
of the juice of Hungarian berries of unknown varieties, appear in the 
table on the next page. 

Soinogyi and Weiser also examined c(nuiiiercial raspbeir} Juice 
which in Germany and Austria is extensively used in bottled feriii. In 
first pressings they found 1.44 to 2.55, aver. 1-99 per cent of alodiol, 
in second pressings 1.01 to 1,66 aver. 1.35 per cent of alcohol. 

1 Z. Unters. Nahr.-Gennssm. 1909, 17, 5S4. 

2 Ibid. 1916, 32, 408. 
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Composition op Raspberrt Juice 


(Grams per 100 cc.) 



Sam- 

ples 

Sp.gr. 

1S°C. 

Solids 

Pro- 

tein 

Acids 

as 

citric 

Invert 

sugar 

Su- 

crose 

Tan- 

nin 

Ash, 

total 

Ash, 

alk* 

German: 

Red 

Min. — 

19 

1.032 

8.30 

0.18 

1.16 

4.41 


0.10 

0.34 

42 

Max. . . 


1.047 

12.27 

0.46 

2.20 

7.54 

.... 

0.11 

0.58 

69 

Aver. . . 


1.040 

10.39 

0.34 

1.67 

6.02 

.... 

0.11 

0.45 

63 

Black 

Min — 

4 

1.040 

10.48 

0.29 

1.13 

6.37 



0.49 

59 

Max. . . 


1.055 

14.30 

0.39 

1.57 

8.87 

.... 

.... 

0.66 

70 

Aver. . . 


1.047 

12.17 

0.36 

1.38 

7.61 

.... 

0.14t 

0.55 

62 

Hungarian : 
Min 

8 

1.048 

12.53 

0.12 

1.62 

7.27 

0.55 


0.38 

50 

Max. . . 


1 .062 1 

16.02 

0.66 

2.38 

10.50 

1.62 1 


0.69 

94 

Aver.. . 


1.055 1 

14.26 

0.34 

2.02 

8.65 

1.04 


0.49 

1 66 

j 


* Cc. AT/IO acid per lOO grams of juice. 1 1 sample. 


Compositioa of Raspberry Seeds. — Krzizm^ found 14.6 to 18 per 
cent of oil in the seeds. An analysis by Pritzker and Jnngkunz ^ gave 
water 54 per cent and the following composition of the dry matter; 
protein 12.2, fat (oil) 16.7, lignin-free fiber 8.6, ash 2.13, and sand 0.11 
per cent, also alkalinity number 6.1. 

Fatty Oil of Seed, Physical and Chemical Values . — Kizizan ^ in 
the expressed oil and Pritzker and Jungkunz^ in the extracted oil 
obtained quite different values as shown in the table below; 


Values of Raspbeery Seed Oil 



Sp. gr. 
15” C. 

Sapon. 

No. 

Iodine 

No. 

Eeichert- 

Meissl 

No. 

Polenske 

No. 

Acid 

No. 

Phytos- 

terol 

Erzizan : 

Min 

Max 

0.9265 

0.9303 

186.9 

192.3 

172.3 

175.9 



2.9 

40,6 

% 

0.73 

1.10 

P. and J.: 

Min 

0.9202 

179-5 

117.2 

0.55 

0.40 



Max 

0,9238 

188.7 

159.5 

0.65 

0,50 




1 Z. offentl. Chem. 1907, 13, 263; Chem. Rev. Fett-Harz-Ind. 1909, 16, 1. 
* Mitt. Lebensm. Hyg. 1930, 21, 53. 
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Pritzker and Jnngknnz give the foUowiiig values of the crude fatty 
acids: pure fatty acids 95.7 to 95,9, solid acids 4.3 to 18.4, liquid acids 
81.6 to 95.7, neutralization number of purified adds 153.8 to 198.9, 
refractive index at 40° C. 1.4569 to 1.4597, average molecular weight 
282.2 to 364.7, and neutralization number of solid acids 159.5 to 200.7. 

ComposiUm.-~KrzhQii states that the liquid fatty acids consist 
chiefly of linolic and linolenic acids with smaller amounts of oleic and 
iso-linolenic acids. 

Respiration. — Gore,^ working witli the Cuthbert, noted a maximum 
evolution of 311 mg. of carton dioxide per kilo per hour at 30.8° C. 
and a minimum of 22 mg. at 2.1° C, 

Acids. — ^Bigelow and Dimbar^ have compiled the results of 10 
investigations, all but 2 of vrhich indicate that the acid is citric with 
little or no other acid. Hempel and Friedrich,^ however, in different 
samples found citric and malic in different proportions, and Chauvin, 
Joulin, and Canu ^ only tartaric. Bigelow and Dunbar, as a result of 
their own investigation, conclude that the acid of the red raspberry is 
probably citric solely and that malic, if present at all, is in traces only. 
Nelson,® by the ester distillation method, corroborates their view, adding 
that about 97 per cent is citric and about 3 per cent i^malic acid. Mut- 
telet ® found 2.12 per cent of citric acid. 

In the black raspberry Nelson found only citric acid. 

Mineral Constituents. — partial analysis of the ash of raspberries 
by Kulisch^ gave, on the basis of the fresh fruit: ash 0.611, potash 
(K 2 O) 0.216, lime (CaO) 0.070, magnesia (MgO) 0.053, and phosphoric 
acid (P2O5) 0.105 per cent. 

Minor Mineral Constituents. /rori. — Berries 6 mg. per kilo, fresh, basis (Hauser- 
mann). ® Berries 0.9 mg. per kilo, fresh basis (Peterson and Elyebjem).® 

Manganese— Beiries 45.9 mg. per kilo, dry ba.sis (Peterson and Skinner).^® 

Copper.—Bmus 1.3 mg. per kilo, fresh basis (Lindow, Elvehjem, and Peterson) 

lU. S. Dept. Agr., Bur. Cheni. 1911, Bui. 142. 

2 J. Ind. Eng. Chem. 1917, 9, 762. 

Unters. Nahr.-Genussm. 1906, 12, 725, 

^ Moxi. sci. 1908, 69, 449. 

5 J. Am. Clem. Soc. 1925, 4T, 1177. 

6 Ann. fals. 1922, 15, 453. 

^ Z. angew. Chem. 1894, p. 148. 

® Sherman; TJ. S. Dept- Agr., Off. Exp. Sta. 1907, Bui. 186. 

® J. Biol. Cliem. 1928, 78, 215. 

J.' Nutrition 1931, 4, 419- 

iij. Biol. Chem. 1929, 82, 465. 
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BLACK RASPBERRY 

Euhus occidentalis L. 

Fr. Framboise de Virginie. Ger. Schwarze Himbeere. 

Black caps and tMmble-Ferries are other common names for black 
raspberries derived from native American species. They differ from 
red raspberries in having smaller drupelets and being of a purple-black 
color. Distinctions based on the character of the cane, leaf, and flower 
are of interest chiefly in classiflcation. 

Histologically the black varieties agree closely with the red. 

CHEMICAL COMPOSITION. — See also Red Raspberry. 

Respiration. — Gore/ working with 6 samples of the variety Kansas, 
noted a maximum evolution of 284 mg. of carbon dioxide per kilo per 
hour at 28.4° C. and a minimum of 25 mg. at 1.9° C. 

Minor Mineral Constituents. Copper . — Berries 1.4 mg. per kilo fresh basis 
(Lindow, Elvehjem, and Peterson). ^ 

BLACKBERRY 

Eubus spp. 

Fr. Mure sauvage. Sp. Zarza. It. Mora del rovo. Ger. Brombeere. 

Formerly the common tall blackberry was known as R. villosns 
Ait. and the dewberry or common running blackberry as R. canadensis 
L. ; L. H. Bailey,^ however, after examining types and specimens in 
European herbariums, has shown that the former Latin name belongs 
to the dewberry and the latter to a thornless tall blackberry (R. Mills- 
'paughii Brit.). The name R. nigrohaccus Bailey was proposed for the 
tall blackberry, but this appears to have given place to IL allegheniensis 
Porter. Other American species are mentioned hy Bailey ^ as probable 
parents of cultivated blackberries. The illustrations and descriptions 
herewith are based on a study of the Snyder, a short cluster, cultivated 
variety, said to be derived from R. nigwhacens var. sativus Bailey. 
European blackberries, grouped as E. jruticosm, which, like American 
species, are much confused, are not here considered. 

Blackberries ripen after raspberries and before Fall fruits. They 
are in demand for jellies and cordials. 

UJ. S. Dept. Ap-., Bur. Chem. 1911, Bui. 142. 

M. Biol. Chem. 1929, 82, 465. 

■Tlvolution of our Nat i\re Fruits, London, 1898, pp. 306, 379. 

'‘Htaiid. Cycl Hort., New York, 1922. 
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MACROSCOPIC STE-UCTITRE, — The petals of the blackberry 
Jlower are white, longer than the sepals, and more conspicuous than those 
of the raspberry. The aggregate Jruits form either short or long clusters. 
The blach, or in some cultivated varieties yellow, dnipelets are firmly 
attached to the receptacle by a broad base and are picked with it. 
The style (Fig. 222) is broad but only 2 mm. long or only half the 
length of the raspberry style. It commonly arises from a depression 
in the drupelet. Dnipelets and styles are smooth throughout. The 



stones (Fig. 223) are furrowed as in the raspberry 
but are larger. 

MICROSCOPIC STRUCTURE. Receptacle.— 

Owing to the breadth of the drupelets at the base, t he 
epiderm of the receptacle is reduced to small compa^. 
The bulk of the tissue is pith parenchyma with strongly 
developed buTidles near the surface. 

Style. — ^Hairs are lacking, also wrinkles on the 
epiderm. 

Pericarp (Fig. 224). — The epicarp (epi) consists 
of transversely elongated cells and stomata (sto). 
Hairs are absent on American blackberrits. The 
hypoderm (hy) cells are large and longitudinally 
elongated. As in the raspberry, the mesomrp cells 



Fia. 222. 


Fig. 223. 


Fig. 222.— Blackberry. Style and stigma. X 32. (A.L.\V.) 
Fig. 223. — ^Blackberry. Stone. X 1 and X 32. (A.L.W.) 


are mostly radially elongated, only those in the very outer and iniior 
parts being isodiametric; some of the cells contain crj^tal rosettes 
(fc). The eridocarp differs from that of the raspberry only in that there 


are more rows of fibers. , , , . 

Spermodenn.— Godfrin ‘ notes briefly the structure of a blachLx'rry 

'Which he calls M. fruticosus L. - , , , .t . 

The structure of the American blackberry here considered d tTei> 
from that of the raspberry merely in the relative size of the cells of the 


iSoc. Sci. Nancy. 1880, p. 153- 
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outer and inner epiderm^ the maximum diameter being 40 /t and 60 ^ 
respectively, whereas in the raspberry the cells of the outer epiderm are 
larger. 

Chi 3EF STEitrcTURA.L Chabactebs. — Reccptacle and drupelets firmly 
united; drupelets smooth, larger than in raspberry; style 2 mm., arising 

commonly from depression; 
stones and seed as in rasp- 
berry, but larger. 

Epicarp cells trans- 
versely elongated; hypo- 
derm cells longitudinally 
elongated; mesocarp and 
endocarp asm raspberry but 
more robust. Outer epider- 
mal cells of spermoderm 
smaller than inner (reverse 
in raspberry). 

CHEMICAL COMPO- 
SITION— A single analysis 
by Kulisch ^ of the fruit of 
European blackberries and 
a summary of analyses by Munson, Tolman, and Howard ^ of 3 samples 
of American blackberries are given in the following table : 



Big. 224. — ^Blackberry. Outer pericarp in sur- 
face view, epi epicarp with sto stoma; hy 
hypoderm; k crystal cells. X 160. (AE.W.) 


Composition op Blackbbeeies 


Sam- Solids, Solids, Pro- Tl'' 

pies total insol. teia crose total alk.* 

^ citric mg ppt. 


% 

Kulisch.... 15.10 1.62 1.41 6.46 0.48 0.61 

Munson et al. :[ 

Min 12.06 4.72 0.79 0.78 4.57 0.00 0.61 0.45 55 

Max 13.65 6.24 1.11 1.16 4.74 0.49 0.74 0.82 91 

Aver 12.73 5.46 0.92 0.91 4.67 0.16 0.68 0.69 69 


* Cc. iV/10 add per 100 gxaiDS of fruit. 


Analyses of the pulp of 5 samples of Austrian blackberries by 
Hotter,^ on a somewhat different plan from those above, showed: total 
solids 13.4 to 16.8, insoluble solids 6.0 to 6.4, extract 9.1 to 10.8, total 

^ Z. apgew. Chem. 1894, p. 148. 

^ XJ. S. Dept. Agr., Bur. Chem. 1905, Bui. €6 rev. 

® Z. landw. Versuchsw. 1906, 9, 747. 



ELACKBERUY 


629 


sugars as invert 5.9 to 6.8, dextrose 2.9 to 3.6, Icvulose 3. 1 to 3.2, sucrose 
0.4 to 0.6, acids as malic 0.6 to 1.1, tannin 0.21 to 0.36, total ash 0.46 
to 0.60, and phosphoric acid 0.05 to 0.09 per cent. 

Composition of Blacibeny Juice. — ^The average composition of the 
juice of the fruit analyzed by Munson, Tolman, and Howard ' may be 
readily calculated, since the percentage of insoluble solids is given. 

A summary of results of direct determinations by Windisch and 
Schmidt ^ obtained on the juice of European bIaekherries*^Ln terms of 
grams per 100 cc. is given below: 


Composition op German Blacebbeey Juice (Windisch and Schmidt) 



Sam- 

ples 

Sp. gr. 
15 °C. 

Solids 

Pro- 

tein 

Acids 

as 

citric 

Invert 

sugar 

Bn- 

crose 

Tan- 

nin 

Ash, 

total 

Ash, 

Min .... 

4 

1.030 

8.14 

0.27 

0.65 

4.92 

0.00 


0.39 

43 

Max. . . . 

4 

1.046 

11.81 

0.43 

2.05 

7,25 

0.47 


0.47 

52 

Aver. . . . 

4 

1.038 

9.91 

0.34 

1.52 

6,n 

0.21 

C.13t 

€.42 

47 


* Cc. JV/10 acid per lOO cc. of juice, f 1 samile. 


Respiration. — Goie,^ operating with the wild blackbeiry and two 
consecutive day’s runs of a single cultivated variety, noted a maximum 
evolution of 274; mg. of carbon dioxide per kilo per lour at 29® C. and 
a minimum of 18 at 1.2° C. 

Patty Oil of Seed. — Krzizan^ obtained from blackberry seeds 12.6 
per cent of a yellowish green drying oil having the following values: 
specific gravity at 15° C. 0.9255, saponification number 189.5, iodine 
number 147.8, Reicbert-Meissl number 0, Hehner number 96.3, and 
acid number 2.03. The oil contamed liquid fatty acids 91.0, solid 
fatty acids 4.7, and crude phytosterol 0.83 per cent. The liquid acids 
consisted of oleic acid 17, linobe acid 80, and linolenic acid 3 per cent. 

Acids. — Bigelow and Dunbar ® state that some samples appear to 
contain only citric acid, others malic but no citric, and still others 
neither malic nor citric. Nelson,® by the ester distillation method, 
showed that about five-sixths of the total acids of the fruit examined 
consisted of optically active isocitric add, and l-rmlic add was present 
in moderate amount together with traces of exalte, mccinic, and citric 
acids. 

^ Loc. cit. 

® Z. Unters. Nahr.-Genussm. 1909, IT, 584. 

* U. S. Dept. A.gr., Bur. Chena. 1911, Bui. 142. 

Fett-Harz-Ind. 1908, 15, 7,29. 

6 J. Ind. Eag. Cliem. 1917, 9, 762. 

® J. Am. Cheni. Soc, 1925, 47, 558. 
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Mineral Constituents. — A partial analysis of the ash of the European 
garden blackberry by Kuliseh ^ gave, on the basis of the fresh fruit : ash 
0.608, potash (K 2 O) 0.200, lime (CaO) 0.089, magnesia (MgO) 0.053, 
and phosphoric acid (P 2 O 5 ) 0.069 per cent. 

Minor Mineral Constituents. Iron. — Berries 10 mg. per kilo, fresh basis (Peter- 
son and Elvehjein).^ 

Co'pper , — Berries 1.6 mg. per kilo, fresh basis (Lindow, Elvehjem, and Peter- 
son).® 

DEWBERRY 

Ruhus procumhem Muhl. = R. villosus Ait. and other species. 

Running blackberries or dewberries of several species are natives of 
the United States and from them have been derived in recent years a 
number of cultivated varieties. 

MACROSCOPIC STRUCTURE.^ — Except to the horticulturist, 
blackberries and dewberries in the basket are alike in appearance. The 
running habit of one and the bush habit of the other are the most 
noticeable characteristics of the plants. 

MICROSCOPIC STRUCTURE. — Some of the dewberries are slightly 
pubescent, otherwise they are not markedly different in microscopic 
structure from the blackberries. 

LOGANBERRY 

Although a hybrid, the loganberry has become of such great impor- 
tance as to merit a separate description. It was produced by Judge 
L H. Logan of Santa Cruz, California, the parcntKS being the Red Ant- 
werp, a variety to the European raspberry {R, idseiis L.), and the native 
California dewberry (R. vitifolius Cham, et Schlecht.). Another hybrid 
is Burbank’s Phenomenal. Large quantities of loganberries are pro- 
duced in the Pacific Coast states for canning and drying. The flavor 
is composite, resembling more that of the blackberry because of its 
rather high acidity. 

MACROSCOPIC STRUCTURE. — In form and size of aggregate 
fruit, individual drupelets, and stones (about 3 mm.), and in the 
presence of the receptacle in the picked fruit, the berry resembles the 
long-cluster blackberry, but in color, in the presence of hairs on the 
exposed part of the drupelet and on the base of the styles, and in the 
length of the style (4 mm.), it is much like the raspberry. Some of the 
aggregate berries reach or exceed 4 cm. in length. 

1 Z, angew. Chem. 18D4, p. 148. 3 Ibid. 1929, 82, 465. 

U. Biol. Chem. 1928, 78, 215. 
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MICROSCOPIC STRUCTURE. — The tissues of both pericarp anti 
seed resemble closely those of the raspberry but the walls of the epioarp 
hairs are usually somewhat thicker. 

Chief Structural Characters. — Aggregate fruit not detacheii 
from the receptacle; color dull red; drupelets hairy as in raspberry; 
style 4 mm. long; stone reticulated, about 3 mm. Seed as in raspberry. 

Epicarp hairs sinuous or kinky as in raspberry but rather thicker- 
walled, Spermoderm as in raspberry, 

CHEMICAL COMPOSITION. — One analysis of the fruit by Colby ^ 
and one by Daughters, ^ also 6 analyses of the juice of the fruit collected 
at different dates by Daughters,^ are given in the following table : 


Composition of Logaijbeery and Juice 



Sp. gr. 
25° C. 

Solids 

Pro- 

tein. 

Fat 

Acids 

as 

citric 

Invert 

sugar 

Alco- 

hol 

PPt* 

Ash, 

total 



% 

% 

% 

% 

^0 

% 

% 

Berries : 









Colby 



1.09 


1 .37t 

8.00 



Daughters 


20-74 

4.55 

0.61 

1 .52 

7.15 


0.57 

Juice : 








Daughters 









July 10, 1916.. 

1.048f 

10.87 

0.73 


3.08 

5.37 ! 

0.87 

0.58 

Aug. 8, 1916.. 

1.051J' 

9.45 

0.74 


2.20 

8.39 ' 

0.40 

0.42 

July 18, 1917.. 

1.053 




1 .90 1 

8.55 



July 25, 1917.. 

1.055 

12.84 

0.87 


1 .60§ 

8.80 


0.50 

July 28, 1917.. 

1.056 

12.49 

0.50 


1.51§ 

9.06 


0.45 

Aug. 7, 1917.. 

1.060 

14.74 

0.37 


1 .54 

8.74 


0.39 


’*'Cc. A/10 acid per 100 Rranas of fruit, t in juice constituting S8T of 'whuile fruit. J l(j®C. 
Volatile acid O.Oo and 0.03*7o respectively. 


Composition of Pulp. — Analyses by Daughters arc tabulated Ixdow : 



Water 

i Solids 

Pro- 

tein 

Fat 

Acids* 

N-f. 
ext. 1 

Fil>er 

i Ash 

Moist pulp 

Dried pulp 

% 

70.97 

% 

29.03 

% 

3 73 
12.81 

% 

3.80 
13.09 i 

/o 

1.37 

4.71 

% 

11 .(Hi 
38.11 

S.39 
28 89 

! 

D,70 

2 39 


* As eitric. 


^ Califomiil Agr. Exp- Sta. Rep. 1805, p. 177. 

2 J. Inci. Eng. Chem. ICIS, 10, 30. 

3 Loc. cit. and Ibid. 1917, 9, 1043. 

< Loc. cit. 
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Fatty Oil. — ^Examination by Daughters ^ of the drying oil extracted 
from the dried pulp gave; specific gravity at 15.5° C. 0.9260, refractive 
index at 15.5° C. 1.4811, solidifying point —33° C., iodine number 
158.32, and saponification number 179.8. 

Acids. — Daughters^ obtained practically the same results in the 
determination of acids calculated as citric as in actual determinations 
of dtric acid. Traces of tartaric add and 0.03 to 0.05 per cent of volatile 
acids were also found. Hollingshead ^ found no fixed acid other than 
citric but detected formic acid in 3 samples. Nelson ^ reports, by the 
ester distillation method, about 96 per cent of the acids as citric and 
about 4 per cent as l-malic acid, 

WmEBERRY 

Euhus phanicolasius Maxim. 

AJthough not yet generally cultivated in the United States and 
seldom found on the market, the wineherry introduced from Japan is 
a valuable addition to our small fruits. It ripens soon after red rasp- 
berries. As grown by the writers, the berry is more acid than either 
black cap or red raspberry but is of good flavor. The canes are long 
and willowy and propagate by rooting at the ends. They are densely 
clothed with sharp but rather weak thorns, also with emergences and 
hairs like those on the calyx. 

MACROSCOPIC STRUCTURE. — The petals are smaller than the 
pointed calyx lobes. The latter increase in size during ripening, enclos- 
ing the berry, but finally recurve, leaving the berry exposed. They 
are densely clothed with red glandular emergences and slender colorless 
hairs. Duriag picking of the fruit the fingers become sticky with the 
resinous secretion of the glands. 

In shape, size, and arrangement of drupelets, which readily separate 
from the receptacle, the wineherry is strikingly like the raspberry, but 
the drupelets are bright scarlet, smooth, and shiny on the exposed 
surfaces, and the receptacle is bright orange. About the point of 
attachment the drupelets are downy. The style is about 2 mm. long 
(twice that length in raspberry), broadened at the base (constricted in 
strawberry), smooth at the base (hairy in raspberry), and does not arise 
from a depression (distinction from blackberry). The stone, consisting 
of endocarp and seed, is smaller than that of the raspberries. 

MICROSCOPIC STRUCTURE, — Literature is lacking, 

^ Lo< 3. cit. 

2U. S. Dept. Agr. 1919, Bui. 773. 

8 J. Am. Chem. Soc. 1927, 49, 1300. 



CLOUDBERRY 


m 


Pericarp —The structure is like that of the raspberry except that 
the epicarp on the exposed surface consists of polygonal cells without 
hairs. Hairs are, howeTer, present at the point of attachment, formmg 
the down. These are thread-like, kinky, longer, and thinner-walled 
than those on the raspberry. As in the latter fruit, a^stal rosettes of 
calcium oxalate occur in the mesoccrp, 

Spermoderm The structure is more like that of the blackberry 
than the raspberry, the cells of the outer epiderm (up to 55 ju) being 
much narrower than those of the inner epiderm (up to 100 ju). Boiling 
cross sections with very dilute sodium hydroxide ejqmnds the cells and 
brings out delicate beads in the walls of both epidermal layers. 

Endosperm and Embryo, — ^As in red raspberry. 

Chief S'truc'ttjra.l CHAJaicTERs— Berry bright scarlet; drupelets 
smooth and lustrous on exposed surface, hairy only at b^; styles 
(2 mm.) shorter than in raspberry, smooth and not constricted at base 
and not arising from a depression; stones smaller than in raspberry. 

Hairs longer and thinner-walled than in raspberry, Spermoderm 
as in blackberry. 

CHEMICAL COMPOSITIOir — The only data ayailable are the 
following by Wittmann:^ water 75.58, fiber 5.51, and pentosans 1.60 
per cent. 

CLOXJBBEIOIY 

Euhus Ohanmmoms L. 

Fr. Faux mtrier, Ger. Moltebeere. 

Baked-apple berry, yellow berry, and salmon berry are other names 
for this low, creeping sub-arctic species growing wild in cool peat bogs 
and high places in Europe and across America. In certain regions it is 
gathered in enormous quantities; in Newfoundland it is canned under 
the trade name Bay-Kapples.” 

MACROSCOPIC STRUCTIJRE.—The small herbaceous plant, 
without prickles, bears simple five-lobed leaves and white flowers. 
A small number of soft drupelets, on a small persistent receptacle, form 
a flattened compound red or yellow fruit. The stones are yellow-brown, 
smooth, and easily crushed between the teeth. Both the drupelets and 
the stones (5 mm.) are larger than those of the other species. The 
style is about 3.5 mm. long, slightly broadened at the base. 

MICROSCOPIC STRUCTURE- Pericarp.— This is made up of (1 ) 
epicorp of isodiametric, porous cells, stomata, and occasional hairs; 
(2) mesocarp of loose, thin-walled parenchyma and delicate vascular 

1 Z. landw. Versuchsw. 1901, 4, 131. 
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bundles; (3) outer endocarp, a number of cells thick, of transversely 
arranged sclerenchyma fibers; and (4) inner endccarp, about half as 
thick as the outer, of longitudinally arranged fibers. 

The hairs, often 0.5 mm, long, are stiff and thick-walled with a 
narro^v lumen. They taper to a blunt point at both ends. 

The fibers of the endocarp are arranged contrary to those of the 
raspberry and blackberry which run longitudinally in the outer and 
transversely in the inner part. 

Spermoderm. — An outer epiderm of simple brown cells, reaching 
80 fjL in diameter, and several rows of collapsed parenchyma make up 
this tissue. 

Perispenn. — Cells not evident. 

Endosperm. — Several layers of aleurone cells and inner empty cells 
make up this layer. 

Embryo. — The large cotyledons consist of typical aleurone cells. 

Chief Structura-L Charactees. — Fruit with few drupelets, stone 
smooth (rough in raspberry and blackberry). Drupelets and stone largest 
of the group. 

Epicarp cells porous, hairs stiff, blunt with narrow lumen and thick 
walls; outer endocarp fibers transversely, those of inner endocarp 
longitudinally arranged (in raspberry and blackberry arrangement 
reversed). Outer epiderm of spermoderm as in raspberry; other layers 
collapsed. 



IV. DRUPES 

{Prunex; Chrysolalanes^) 

BEmo derived from a superior ovary, the common or pmnus drupes 
lack the receptacle and cro'wn of withered floral parts characteristic of 
the pomes and are further distinguished by being one-loculed and one- 
seeded. They differ from each other less than the pomes since all belong 
in the genus Prunus of the tribe Pruneae. The fruit of the icaco, which 
belongs in the tribe Chrysohalaneae and the genus Chrysobalanus, also is a 
drupe. 

COMPARATIVE MACROSCOPIC STRUCTURE. Flower.™ In 

Prunns the style is attached near the tip of the ovary, the ovules are 
pendulous, and the raphe is ventral; in Chrysobalanus the style is 
attached near the base of the ovary, the ovules are ascending, and the 
raphe is dorsal. Other morphological details are much the same in 
the flowers of both tribes. 

Fruit. — Toth tribes have plum-like fruits similar in their general 
morphology, with a thin skin or epicarp, hairy in the peach and apricot, 
a succulent (except in the almond) ^ mesocarp, and a hard endocarp, as 
well as a thin spermoderm, perisperm, and endosperm and fleshy coty- 
ledons. The chief difference is that the endocarp in Pnmus splits 
through two sutures with more or less marked ridges w'hile in Chryso 
halanus it splits through the five to eight ribs. 

Deep furrows and pits occur in the hard stone of the peach and 
nectarine, and similar ones in the a'mond but owing to the spong}’ 
nature of the outer endocarp the structure is obscured. Numerous 
fibro-vascular bundles of the mesocarp lie at the bottom of the furrows. 
The stones of the apricot and plums are merely roughened while those 
of the cherry are smooth. 

COMPARATIVE MICROSCOPIC STRUCTURE.—The icaco differs 
from the prunus drupes chiefly in that the mesocarp consists of radially 
elongated cells, the endocarp of sclerench}T;na fibers only, and the 
spermoderm of a characterless tissue without sclerenchyma cells. Being 
unimportant, it is not considered in the following discussion. 

Pericarp. — Among those who have studied the tissues art' Lampt\“ 

^ Described in Vol. I under Oil Seeds. 

2 Z. Natiirviss. 1886, 69, 295. 
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Bordzilowski,^ Garcin,^ Micko,® and Howard.^ Four layers or zones 
are present in all the species: (1) epicarp^ (2) hypoderm, (3) mesocarp 
with, fibro-yascxilar bundles, and (4) endocarp. 

The epicarp cells are large in the cherries (np to 100 jit), medium sized 
in the European plum (up to 60 /x), small in the Japanese plum (up 
to 40 fi) and nectarine, and smaller stiR in the peach and apricot* 

The epicarp is hairy in the almond, peach, and apricot; smooth 
or practically so in the nectarine, plums, and cherries. Peach hairs 
haye thick walls, narrow lumen, and are so narrowed at the base as to 
appear pointed; apricot hairs have somewhat thinner walls, the lumen 
equaling or exceeding them in breadth, and a broad, bulbous base; 
almond hairs are intermediate. 

All the species have a mesocarp of large, sac-like pulp cels, smaber 
cells, each with an oxalate rosette, and fibro-vascular bundles with 
spiral, reticulated, and pitted vessels. Accompanying the bundles are 
sderencJiyma cells and fibers, the walls of which are thin in the peach, 
plums, and cherries, thick in the apricot. Crystal fibers— rows of 
thin-walled cells with crystal rosettes — are adjacent. 

Stone cells make up the endocarp or shell of the stone in all the 
species. These are loosely arranged in the outer part of the almond, 
especially the paper-shelled variety, but in the other species they form 
a dense tissue throughout. They are isodiametric or irregular in shape, 
except toward the inner surface where there is a zone of narrow, trans- 
versely elongated forms and also in the case of all the species hut the 
cherries an innermost zone of longitudinally elongated forms. 

Spermoderm, Perispenn, Endosperm, and Embryo.— See Drupes 
under Oil Seeds, Yoluine I. 

COMPARATIYE CHEMICAL COMPOSmON.— The acid of the 
plum and cherry appears to be malic and of the apricot and peach both 
malic and citric. The Prunus drupes, according to Reif ® contain sorbitol. 

The kernels of the pits, including the almond which is a dry drupe, 
are non-starchy and oily. The nature of the proteins and fat, also of 
amygdalin present in certain species, is described in Volume I 

1 Ixb. Kiew. Nat. Ges. 1888, 9, 65. 

2 Inn. soc. nat. bot. Ser. YII, 1890, 12, 175. 

3 Z. allg. oesterr. Apotb.-Ver. 1893, 31, 2, 21. 

^ IT. S. Dept. Agr., Bur. Chem. 1905, Bui. 66. 

3 Z- Unters. Lebensm. 1934, 68, 179. 
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Prunm domesHca L. = P. ccmmtinis Huds. 

Pr. Prune, Sp. Cimela. It. Susina. Ger. Pflaume. 

Asia is believed to be the original habitat of the cultivated plum. 
It was grown by the Greeks and Romans. The common pomological 
forms are grouped as follows: (1) Damson, Bullace, and probably St, 
Julien plum (var. mdiitia Bailey), (2) MirabeEe plum (var. mdifonnis 
L.)j (?) g^een gage or reine-claude (var. CereolaL.), and (4) prune (var. 
galatemis Auth.). The cherry plum, now regarded as a separate species 
(P. cerasifera Ehrh.), was classed by Linnseus as P. donesika var. 
Myrohalan. A number of American species of Prunes described by 
Sargent ^ and Bailey ^ yield small yellow or red (not blue-black) edible 
plums. 

Whole plums are eaten out of hand, dried, and canned. From them 
are made jam, with or without the removal of the stones, and a remark- 
ably stiff jelly. Dried prunes are perhaps the most widely known of 
dried temperate fruits other than raisins. 

MACROSCOPIC STRUCTURE. — Such characters sts are the same 
for all drupes of the tribe Prunes^ are described in the introductory 
section. From the peach, the plum is distinguished by the ab^nce of 
hairs on the epicarp and of deep wrinkles and pits in the stone; from 
the apricot, by the entire absence of hairs. The nectarine also has a 
smooth skin but the stone is like that of the peach, of which it is a 
variety. 

The fruit is ovoid or nearly spherical, var3dng from the size of a 
large cherry to several centimeters long. There are blue-black, red, 
yellow, and green varieties, the color of the flesh varying from white 
or green to orange. The done is flattened, elongated, only slightly 
roughened on the surface, with a narrow groove in the dorsal suture 
and two longitudinal ridges flanking the ventral suture. The endocarp 
is hard and compact but thin, often not more than 1 mm. thick. On 
cracking, it tends to split through the ventral suture. 

The seed varies from broad to narrow but is more or less pointed 
at the end, in which is the small radicle. 

MICROSCOPIC STRUCTURE. — References to ‘the more important 
literature arc given under the head Drupes above. 

Pericarp.— The structure is quite simple. The four layers are (1) 

1 Manual Trees of N'orth America, Boston, 1905, pp. 509 to 620. 

* Stand. Cycl. Eort., New York, 1922, mder Prunus. 
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epicarp (Fig. 225) of polygonal, often beaded cells, up to about 60 /z, 
containing the coloring matter that characterises the fruit, also stomata; 
(2) hypoderm of several layers of isodiametric, thickened cells; (3) 
nesocarp of large sac-shaped cells, often containing stellate groups of 
needle crystals, also smaller cells each containing an oxalate rosette 
and fibro-vascular bundles accompanied by thin-walled sclerenchyma 
fibers; and (4) endocarp of stone cells with colorless walls and contents. 

The division of the epicarp cells into daughter cells is often marked. 
Red and blue coloring matter is present in solution, green as chlorophyl 
grains. 

Spiral, reticulated, and pitted vessels, also crystal fibers, are present 
in the jihro^-vascular bundles of the mesocarp. Accompanying the 
bundles, in addition to the thin- walled sclerenchyma fibers, are paren- 
chyma cells containing masses of strongly refrac- 
tive material which take on the coloring matter 
from the epicarp on cooking. 

The stone cells of the endocarp are for the 
most part of considerable size, either isodia- 
metric or somewhat elongated. Toward the 
inner surface they become narrow and trans- 
versely elongated, forming a zone about 100 /a 
thick, abutting against an inner zone, about 150 /j, 
thick, of narrow, longitudinally elongated forms. 

Spermoderm, Perisperm, Endosperm, and 
Embryo. — See Plum Kernel, Volume I. 

CHiEr Stetjctxjral Characters. —Fruit 
ovoid, blue-black, red, yellow, or green. Epicarp 
smooth;stone (endocarp) slightly roughened, hard 
but thin. Seed small (about 1.5 cm.), flattened, pointed, broad or narrow. 

Epicarp of beaded, polygonal cells and stomata; mesocarp of large 
sac-shaped cells and occasional small ones with rosette crystals; bundles 
accompanied by thin-walled, elongated sclerenchyma fibers; endocarp 
of large isodiametric stone cells and inner zones of elongated stone cells. 

CHEMICAL COMPOSinOR. — Proximate analyses of 12 samples 
of prunes grown in California were made by Colby and Dyer.^ The 
varieties represented were Prune d’Agen, French, Wangenheim, Robe 
cle Sergent, Fellcnberg, Hungarian, Bulgarian, German, Datte dHongrie, 
and St. Catherine. A summary is given in the table on the next page. 

Colby,- in coLtinuation of the work, analyzed 9 additional samples 
of prunes, making the total 21 of which 12 were French varieties, also 

' California Agt. Exp. Sta. Hep. 18S1/2, p. 92; 1892, Bui. S7. 

2 Ibid. Rt'p. 1893/4, i)p. 257 and 268. 



225. —European 
Epicarp in sur- 
view. X 160. 
(K.B.W.) 
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COMPOSITIOKT OP PatTNES (COLBT klUD ByER) 



Weight 

Flesh 

Pits 

Water 

Pro- 

tein 

Ash 

Juice 

Marc* 

Acids t 

Sugars t 

Pro- 
tein f 

Min.. . 
Max. . 
Aver. . 

g- 

10.0 

80.5 

27.1 

% 

92.5 

96.3 

94:.5 

% 

3.7 

7.5 

5.5 

% 

75.96 

85.69 

81.29 

% 

0.76 

1.16 

0.93 

% 

0.33 

0.61 

0,40 

% 

53.0 

86.8 

73.3 

% 

13.2 

47.0 

26.7 

% 

0.24 

0.95 

0.43 

% 

12.05 

25.60 

16.70 

% 

2.06 

5.44 

8.94 


♦ Per cent in i t Per cent in juice, t Per cent in pita. 


3 varieties of pkms, namely Coe, Golden Drop, and Yellow Egg. Thm 
later analyses did not extend the range beyond that of the earlier 
analyses, except that the sugar content in one long-ripened sample was 
somewhat higher. The average analyses of the pulp (fniit flesh) of 
the prunes and plums were respectively as follows; protein 0.99 and 
0.84, sugars 16.11 and 13.25, and ash 0.47 and 0.52 per cent. The pulp 
made up 94.2 and 95.2 per cent of the whole fruit which contained 
water 77.38 and 77.43 and organic matter 22.13 and 22.04 per cent. 

In analyses by Shaw ^ the awerage sugar content of the juice of 
Oregon prunes (17.52 per cent) was about 2.5 per cent less than the 
average of that of California prunes, while the protein (1.32 per cent) 
of the edible portion was higher. Later analyses ^ of 3 varieties gave 
results summarized in the table which follows; 


CoMPOSiTtoN OP Oregon Prunes (Shaw) 


(Eesults in per cent of flesh) 



Aver. 

weight 

Plesi* 

Pits* 

Juice 

Marc 

Water 

Pro- 

tein 

Acids 

Sugars 

Ash 


g- 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Petite: 











Min... 

15.8 

92.0 

1.9 

73.5 

10.0 

67.49 

0.81 

0.12 

8.75 

0.45 

Max.. . 

30:5 

98.2 

8.0 

90.0 

30.0 

83.41 

1.66 

0.65 

18.68 

1.59 

Aver. . 

22.2 

94.3 

5.7 

78.6 

21.4 

72.26 

1.14 

0.35 

13.89 

0.76 

Italian : 











Min.. . 

25.3 

92.3 

2.7 

61.0 

9.0 

69.92 

0.87 

0.22 

8-52 

0.79 

Max. . 

36.6 

97.3 

7.7 

91.0 

39.0 

83.55 

1.33 

0.92 

14-04 

1.63 

Aver. . 

29.8 

94.4 

6.6 

76.4 

23.6 

77.07 

1.09 

0.42 

11.66 

0-94 

Silver: 











Min.. . 

23.0 

91.3 

4.7 

63.2 

11.0 

69.91 

0,87 

0.18 

10-26 

0.57 

Max. . 

61.5 

95.3 

8,7 

89.0 

36.8 

81.43 

1.70 

0.65 

16.67 

1.07 

Aver. . 

43.9 

93.6 

6.6 

79.6 

20.6 

1 

76.61 

1.26 

0.32 

14,06 

0-77 


* In whole fruit. 


Oregoa .^gr. Exp. Sta. 1897, 46, 91. * Ibid. 1900, Bui. 61. 
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Analyses by Knlisch ^ of the pulp (fruit flesli) of 3 types of plums 
presumably grown in Germany and by Pernglio and Bernardis ^ of the 
flesli of plums grown in the vicinity of Friuli and Gorizia, Italy, are 
given below. The Italian fruit was made up of flesh plus skin 95.18, 
shell of pits 3.53, and kernels of pits (including skin) 1.29 per cent. The 
juice contained 0.39 to 0.46 per cent of acid, calculated as malic, and 
the water-free kernels of the pits 24.81 to 26.81 per cent of protein and 
42.61 to 45.69 per cent of fat 


CoMPosmoK- OP Pltjm Pxtlp 



Water 

Pro- 

tein 

Fat 

Acids* 

Sugars, 

reduc- 

ing 

Su- 

crose 

Pento- 

sans 

Fiber 

AsK 


% 

% 

% 

% 

% 

% 

% 

% 

% 

Kulisch: 










Prune 

83.40 

0.64 

.... 

1.04 

9.42 

2.67 



0.32 

Green Gage. . 

85.10 

0.75 

.... 

1.29 

5.54 

4.81 


.... 

0.43 

Yellor Plum. 

84.30 

0.79 

.... 

0.60 

6.97 

4.65 



0.S9 

F. and B.: 










Min 

83.90 

0.50 

0.11 

.... 

4.08 

5.41 

0.61 

0.36 

0.S4 

Max. 

84.90 

0.57 

0.13 

.... 

4.67 

6.20 

0.64 

0.46 

0.45 


* As malic. 


Detailed analyses of the pulped flesh of 8 samples of plum, 4 each 
of blue plum and green gage, and 1 of sloe, all grown in Austria, are 
given hy Hotter ^ as follows: 

Composition op Plum Pulp (Hotter) 


Solids, SolidS; Ex- Sugars^ Hex-llevu- Su- Tan- Ash, 

J. 



total 

insol. 

tract 

as 

malic 

total* 

trosel 

lose 

crose 


total ■ 

Plum: 

Min 

12.4 

1.6 

11.9 

0.6 

6.5 

3.4 

2.9 

0.7 

0.97 

0.37 

Max 

Blue Plum: 

22,8 

2.9 

21,3 

1.7 

13.7 

7.6 

6.1 

4.8 

0.20 

0.60 

Min 

15.2 


12.1 

0.4 

5.6 

2.9 

2.7 

2,0 

0.95 

0.40 

Max 

18.1 

3.2 

16.5 

1.0 

10.6 

6.5 

4.1 

3,9 

0.99 

0.54 

Green Gage:. 

Min 

15,0 

2.2 

14.2 

0.7 

7.7 

4.7 

2.9 

0.6 

0.10 

0.51 

Ma.x 

20.5 

3.2 

18.3 

1.7 

11.3 

6.2 

5.1 

5.1 

0.24 

0.69 

Sloe 

26.1 

9.6 

15.7 

0.8 

6.7 

3.5 

3.1 


0.11 

1.27 


* As invert, t Phosplioric acid: plum 0.04 to 0.06; blue plum 0.04 to 0.06; green gage 0.04 to 
0.08; sloe 0.07%, 

^ Z. angew- Chem. 1894, p. 148- ^Z. landw. Versuchsw. 1906, 9, 747. 

2 Bol. ass. agr. friulana 1916, 31 , 56. 
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Somewhat different constituents of the flesh were determined by 
Olig^ as shown by the average results given below: 



plrs 

Solids, 

sol. 

Solids, 

insol. 

Adds 

as 

malic 

Sugars, 

reduc- 

ing 

Su- 

crmsc 

Ash, 

total 

Ash, 1 

Ash, ' 
alk.* 

PstOi 

total 

P£h 

*<4. 




% 

fi- 




f* 

er. 

rj 


Pluinij 

4 

30.91 

1,70 

1.50 

9.60 

0.11 

0.4,1 

0.43 

4.68 

0,048 

0,043 



Gref 11 Or>r( s. 

2 

3:i .92 

1.82 1 

1 .20 

7.98 


0.56 

0..14 

6,00 

O.OfH 

0.052 

Damsons .... 

2 

12.33 

1.62 

1.01 

8.42 

0.11 

0.43 

0.41 


0.049 

0 041 


* Cc. noriaal add ICK) grams of fruit. 


Composition of Plum Juice. — ^Kulisch^ analyzed the juice of 3 
varieties including so-called ZiDdscherij here given as and 

Windisch and Schmidt ^ analyzed 1 variety. 

CoHPoemoN or Plum Juich 


(Grams per 100 cc. juice) 



Sam- 

ples 

Sp. gr. 
17.6° C. 

Solids 

Pro- 

tein 

Acids 

as 

malic 

Invert 

sugar 

Su- 

crose 

Ash, 

total 

Ash, 

alk.”* 

Kulisch: 










Plum 

1 

1.075 



0.89 

7.40 

5.50 

.... 

. - 

Green Gage. , 

1 

1.057 



0.54 

3.02 

6.66 



Mirabelle 

1 

1.079 



0.76 

6.53 

6.98 

.... 

. . 

W. and S.: 










Mirabelle 

1 

1.072 

18.71 

0.70 

0.61 

8.05 

4.20 

0.65 

66 


*Cc. W/10 acid per lOO cc, juice. 


Composition of Dried Prunes, — A range of 35.2 to 53.0 per cent of 
sugar was found by Colby ^ in 7 samples of California prunes. 

Atwater and Bryant ^ have compiled the following summary of 15 
analyses: water 16.9 to 27.5, aver. 22.3; protein 1.4 to 3.2, aver. 2.1; 
nitrogen-free extract and fiber 68.1, to 78.6 aver. 73.3; and ash 1.5 to 3.0, 
aver. 2.3 per cent. 

The average composition of dried prunes from the Santa Clara, 
Sacramento, and San Joaquin Yalleys, as determined by Gale and 

1 Z. Unters. Nahr.-Genussni. 1910, 19, 558. 

2 Landw. Jahrb. 1892, 21, 427. 

® Z. Unters. Nahr.-Genussm. 1909, 17, 584. 

* California Agr. Exp. Sta. R^^p. lS94/'5, p. 177. 

6 U. S. Dept. Agr., Off. Exp. Sta. 1906, Bui. 28 rev. 
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Cniess/ follows: pits 14.75, water 18.36, solids 77.97, protein 2,79, 
total sugars as invert 46.78, sucrose 3.37, invert sugar 43.93, total acids 
as citric 1.20, and ash 2.19 per cent. 

Canned Prunes . — Kohman and Sanborn,^ in attempting to combine 
the advantages of the improved flavor of French or Santa Clara prunes 
resulting from drying and the convenience of the fruit canned in syrup, 
encountered the serious obstacle of can corrosion. By adding citric 
acid or lemon juice, the corrosion was obviated and the flavor further 
improved. 

Compositioii of Kernel. — See Plum Kernel, Volume I. 

Changes in Compositioii During Ripening.— Shaw ® found 19.18 per 
cent of sugar in the edible portion of unripe fruit and 25.6 per cent in 
that of the ripe fruit. 

Maturity of Italian prunes, as noted by Tucker and Yemer,^ is 
characterized by softening of the flesh, development of pigment, increase 
in sugars, and decrease in acidity. 

Respiration. — Gore,^ working with 3 varieties of plums, noted a 
maximum evolution of 103 mg. of carbon dioxide per kilo per hour at 
30.7® C. and a minimum of 5 mg. at 1.3° C. 

Acids. — Truchon and Martin-Claude ® found a trace of tartaric acid 
in green gage plums; Chauvin, JouHn, and Canu found only citric 
add, Bigelow and Dunbar ^ review the work of earlier investigators 
and report results of Fitzgerald, of Johnson, and of Pratt, all of the 
Bureau of Chemistry, on several European and Japanese varieties 
showing 0.55 to 2.15 per cent of acids by titration, calculated as malic, 
and practically the same amounts of malic acid hy the uranyl acetate 
method. Mutellet ® reports malic acid as the sole acid, namely: in 
green gages 1.05, in mirabelles 0.29, and in large plums (2wetschen) 
0.84 per cent. 

Determinations by Radin on commercial prunes, presumably dried, 
showed 0.05 per cent of lenzoic add. 

Mineral Constituents.— As reported by Colby and Dyer i ^ the ash 

1 Fruit Prod. J. 1931, 10, 302. 

2 Ind. Eng. Chem. 1933, 26, 920. 

3 Loc. cit. 

^ Idaho Agr. Exp. Sta. 1932, Bui. 196. 

5 IT. S. Dept. Agr., Bur. Chem. 1911, Bui. 142. 

® Ann. chim. anal. 1901, 6, 85- 

’’ Mon. sci. 1908, 69, 449. 

® J. Ind. Eng. Chem. 1917, 9, 762. 

»Anii.fals. 1922, 16 , 453. 

J. Ind. Eug. Chem. 1914, 6, 518. 

Loc. cit. 
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content of the fruit flesh pulp of a sample of French prunes containing 
77 per cent of water was 0.434 per cent, of the pits 0.582 per cent, and 
of the whole fruit 0.442 per cent. Ash analyses gave as shown below: 



K 2 O 

NaaO 

CaO 

MgO 

PejOi 

MujOi 

P.O. 

SO 3 

SiOs 

a 


% 

% 

% 

% 

% 

% 

7c 

% 

% 

% 

Flesh.. . 

69.50 

3.07 

3.01 

5.33 

0.83 

0.17 

11.56 

2.13 

4.30 

0 , 2 « 

Pits. . . . 

24.01 

4.53 

6.04 

16.26 

1.14 

1.90 

32.98 

S.4G 

7.88 

0.22 

Whole.. 

65.92 

3.18 

3.24 

6.16 

0.85 

0.31 

13.19 

2.37 

4.56 

0.10 


Minor Mineral Coastituents. Iron . — ^Edible portion 6 mg, per kilo, fresh biwsis 
(Hausermana)A Dried prunes 29 mg. per Hlo, as sold (Sberman).^ Plums 7.7 mg- 
per kilo, fresh basis ; dried prunes 51 .7 mg. per kilo, as sold (Peterson and Elveh jrai ).® 
Stoned prunes 30 to 60 mg. per kilo, calculated to 20 per cent water content (Saywell, 
Dietz, and Robertson).® Dried prunes, 2 samples 21.9, 46.6 mg. per kilo, as sold 
(Toscaniand Reznikoff).^ 

Manganese . — ^Plums 6.2 mg. per Hlo, fr^h basis (Peterson and Skinner).* Stoned 
prunes 3 to 6 mg. per kilo, calculated to 20 per cent water content (Saywell, Dietz, 
and Robertson).® 

Co'pper . — Presb prunes: pulp 9, whole stone 8.5, kernel 19, sheO 5.5 mg- per 
kilo, dry basis (Maquenne and Demons).* Edible portion: blue plums 1.5 mg. per 
kilo, fresh basis, dried prunes 4.1 mg. per kilo, as sold (Lindow, Elwehjem, and 
Peterson).^ Stoned prunes 2 to 4 mg. per Hlo, calculated to 20 per cent water con- 
tent (Saywell, Dietz, and Robertson).® 

^mc.— Edible portion 0.3 mg. per kilo, fresh basis (Bertrand and Benzon).* 


AMERICAN PLUMS 

Frums spp. 

A number of American species of Prmus described by Sargent® 
and Bailey yield small jellow or red (not blue-blacb) edible plums. 
Some of these are parents of cultivated varieties. 

I Sherman: U. S. Dept. Agr., Off. Exp. Sta. 1907, Bui. 186. 

*J. Biol. Chem. 1928, 78, 215. 

> J. Ass. Off. Agr. Chem. 193t, 17, 290. 

*}. Nutrition. 1934, 7, 79. 

6 Ibid 1931,4, 419. 

® Compt. rend. 1S20, 170, 87. 

7 J. Biol Chem. 1929, 82, 465. 

®Bul. soe. hyg. aliment. 1928, 16, 457. 

•Manual Trees of North America, Boston, 1905, pp. 509-520. 

“Stand. Cyel. Hort., NewAork, 1922, under Prmus. 
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JAPANESE PLUM 

Prunm mlicina Lindl. =• P. triflcra Eoxb. 

Fr. Prune de Chine. 

This species is said to hare origiiiated in China but is extensively 
grown in Japan where numerous varieties have heen developed. Varie- 
ties introduced from Japan and others derived from Japanese parents 
are successfuly grown in the United States, the Abundance and Burbank 
being especially popular. Bailey, in bulletins of the Cornell Experiment 
Station, discusses the introduction and development of this type. 

MACROSCOPIC STRUCTURE.— The distinctive characters are 
mostly in parts other than the fruit. Sufidce it to say that the fruit 
is red or yellow and does not run into blue or purple strains. 

MICROSCOPIC STRUCTURE.— The only distinction between the 
Japanese and the European plum that has been noted is the smaller 
size of the e^icarp cells of the former which commonly are less than 40 jjl 
in diameter, whereas in the latter they reach 60 n. 

APRICOT 

Prunus Armeniaca L. = Arneniaca mlgaris Lam. 

Fr. Abricot. Sp. Alharicoque. It. Albicocca. Ger. Aprikose. 

Although the tree was named with the belief that it originated in 
Armenia, the researches of Decaisne and also Bretschneider show that 
it grows wild in China and has grown there for over forty centuries. 

The two common types, regarded by some as separate species, are: 
(1) YHT, TncTidshurica MsiAm. of Manchuria, and (2) var. Ansu Maxim, 
of Japan. The black apricot (P. dasycarpa Ehrh.), regarded by Koch 
as a variety of P. Armeniaca, is little known and of little value. 

Apricots are grown in the United States chiefly in California where 
the output, especially of sun-dried and canned fruit, is enormous. The 
light orange color of the dried fruit is secured by sulphuring before 
dr}ing. The kernels of the seeds, obtained as a by-product in the 
canning and drying industry, have been used as a substitute for almonds 
in pastes and confectionery. See Apricot Kernel, Volume L 

MACROSCOPIC STRUCTURE. — Externally the apricot resembles 
the peach hut is not so hairy; at full maturity, it is described as being 
smooth or nearly so although under a lens hairs are clearly evident. 
Commonly the color is yellow or orange but some varieties are red or 
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have a red cheek. The done resembles the plum stone but is larger, 
broader, and almost lens-shaped, with a pronounced sharp keel along 
the ventral suture flanked on each side by a sharp ridge. Croffi sections 
show that the endocarp forming the shell of the stone is thinner than 
the endocarp of the peach. The seed is about as broad as long, rounded 
or heart-shaped. It has a somewhat bitter taste. 


MICROSCOPIC STRUCTURE. Pericarp (Fig. 226).— The struc- 
ture differs frona that of the plnm in that: (1) hairs occur on the epimrp 
(absent in the plum), and (2) the sclerench^ma fibers accompanying the 
fibro-vascular bundles are thick-walled (usually thin-walled in the plum). 


The hairs (t) on the epicar^ (^epi) differ 
from those of the peach in that they are 
broad and fiask-shaped at the base, and the 
walls, although thick, are commonly narrower 
than the lumen. In the peach the hairs are 
narrower at the base and the walls are usually 
broader than the lumen. 

Some of the scleremhyma Jihers {/) are 
broad, others narrow. Broad forms do not 
commonly occur in either the plum or the 
peach. 

Spermoderm, Perispeim, Endospenn, and 
Embiyo. — See Apricot Kernel, Yolume 1. 

Chief SnujCTURAL Chaeacjtees. — Fruit 
similar to peach hut not so hairy and stone 
nearly smooth with sharp keel and ridges 
on ventral edge. Seed larger, broader, and 
more nearly round or heart-shaped than 
in plum. 

Epicarp hairs broad at base, walls usually 
narrower than lumen ; mesocarp bundles ac- 
companied by thick- walled, often broad 



'Em, 226. — Apricot. Sur- 
face view of ejd epicarp 
with i hairs; / mesocarp 
fibers accompaaying bm- 
dles. X 160. (KR.Y.) 


sclerenchyma fibers. 

CHEMICAL COMPOSITION— Five analyses by Colby and Dyer ^ 
and 7 by Colby representing 5 varieties, namely Heinskirk, Blenheim, 
Royal, Peach, and Moorpark, are summarized on the next page. 

Kulisch^ reports pits ^.68 per cent and the following in percentages 
of the pulp (fruit flesh) : water 89.00, protein 0.65, acids as malic 1.23, 
invert sugar 1.79, sucrose 4.30, and ash 0,519 per cent. 


1 California. Agr. Exp. Sta. Rep, 1891/2, p. 92. 
Ubid. 1892/4, p. 257. 

^Z. angev. Chem. 1894, p. 148. 
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CoMPosiTioiT OF Apbicots (Colbt an-d Dyee) 



Weight 

Flesh 

Pits 

Ker- 

nels 

Water 

Pro- 

tein 

Ash 

Juice* 

Marc* 

Acids t 

Sugars t 


g- 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Min.. . 

41.7 

92.9 

6.3 

1.2 

83.76 

0.90 

0.37 

85.3 

7.0 

0.63f 

11.04 

Max. . 

81.0 

94.7 

7.1 

2.4 

86.79 

1.64 

0. 66 

93.0 

14.7 

1.23t 

15.72 

ATer. . 

62.4 

93.8 

6.2 

1.6 

85.16 

1.26 

0.49 

90.0 

10.0 

0.93f 

13.31 


* Per cent in flesh, t cent in jtiice. I As malic. 


Tke range in composition of tlie pulp of 4 samples grown in Austria, 
as reported by Hotter,^ is as follows: 


Composition of Apeicot Pulp (Eottbr) 



Solids, 

total 

Sohds, 

insol. 

Ex- ^ 
tract 

Acids 

as 

malic 

Sugars, 

total* 

Dex- 

trose 

LevTi- 

lose 

Su- 

crose 

Tan- 

nin 

Ash, 
total t 


% 

% 

% 


% 

% 

% 

% 

% 

% 

Min 

12.4 

2.1 

9.1 

0.7 

5.3 

3.2 

1.4 

1.4 

0.06 

0.59 

Max 

16.7 

3.1 

15.0 

2.2 

8.6 

4.8 

4.2 

5.4 

0.10 

0.86 


* As invert, f Phosphoric acid 0.05 to 0.08%. 


Olig,^ in the analysis of 3 samples of apricots, obtained the results, 
in percentages of the flesh, summarized in the table below: 



Solids, 

sol. 

1 

Solids, 

insol. 

Acids 

as 

malic 

Sugars, 

reduc- 

ing 

Su- 

crose 

Ash, 

total 

Ash, 

sol. 

Ash, 

alk,* 

Phos. 

acid, 

total 

Phos. 

acid, 

sol. 


% 

% 

% 

% 

% 

% 

% 

cc. 

% 

% 

Min — 

8.74 

1.56 


4.04 

0.22 

0.60 

0,57 

64 

0.051 

0.046 

Max. . . 

11.46 

2.10 


6.38 

3.62 

0.80 

0.77 

82 

0.093 

0.081 

Ayer. . . 

10.47 

1.79 

1.66 

6.01 

1.42 

0.72 

0.67 

76 

0.068 

0.060 


* Cc. JV/10 acid per lOO grams of fruit. 


Composition of Apricot Juice.— Windisch and Schmidt* report in 

^ Z. landw". Yersuchsw. 1906, 9, 747- 
2Z. Enters. IsFahr.-Genussm. 1610, 19, 558. 

3 Ibid. 1909, 17,684. 



APRICOT 


647 


grains per 100 cc. of juice results summarized in the following 
table : 



Sp.gr. 
15° C. 

Solids 

Pro- 

tein 

Acids 

as 

malic 

Invert 

sugar 

Su- 

crose 

Tan- 

nin 

Ash, 

total 

Ash, 

alk.» 

Min 

1.039 

10.11 

0.46 

0.82 

3.77 

2.45 

0.12 

0.50 

54 

Max 

1.050 

12.97 

0.55 

0.85 

4.20 

4.36 j 

0.12 

0.52 

54 

Aver 

1.046 

11.64 

0.61 

0.84 

3.99 

3.41 1 

0.12 

0.61 

54 


* Cc. JV/10 acid per lOO cc. juice. 


Compositioa of Dried Apricots. — ^Analyws of 2 samples reported by 
Atwater and Bryant ^ show as follows: 



Water 

Protein 

Fat 

N-f. ext.* 

Ash 


% 

% 

% 

% 

% 

Min 

26.4 

2.9 

1.0 

62.7 

1.4 

Max 

32.4 

6.4 

1.1 

63.3 

3.4 

Aver 

29.4 

4.7 

1.0 

62.6 

2.4 


* Include fitier. 


Composition of KemoL — See Apricot Kernel, Yolume I. 

Acids. — Truchon and Martin-Claude ^ give tartaric and citric as the 
acids of the apricot; Kunz and Adam ^ give citric and malic acids, the 
former predominating; and Chaumn, Joulin, and Canu give only 
tartaric acid. Bigelow and Dunbar ^ secured evidence pointing to 
tartaric or d-malic acid but reserved an opinion. Traetta-Mosca, 
Papocchia, and Galimberti ® conclude that malic, citric, and tartaric 
acids are present. Muttelet ^ found malic acid 0.33 and cit ric acid 1.75 
per cent; on the other Land, Kelson,® employing the ester distillation 
method, found Z-malic and citric acids in dried apricots in the approxi- 
mate proportion of 25 to 10. 

1 TJ. S. Dept. Agr., Off. Exp. Sta. 1906, Bui. 28 rev. 

2 Ann. chim. anal. 1901, 6, 85. 

® Z. Unters. Nahr.-Genussin. 1906, 12, 670. 

«Mon. sd. 1908,69,449. 

J. Ind. Eng. Chein. 1917, 9, 762. 

® Ann. chim. appl. 1923, 13, 333. 

7 Ann. fals. 1922, 16, 453. 

8 J. Am. Chem. Soc. 1924, 46, 2506. 
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Colois. — Calculations by Morgen and Madsen/ on the basis of 
chemical and biological data, show a loss of 35 to 41 per cent of carotene 
in drying apricots. Knhn and Brockmann ^ found in apricots 7 -caTotene 
in addition to the common forms and lyco'pem. Brockmann ^ isolated 
from dried apricots p-carotene in crystalline form and small amounts 
of lycopene; he also noted indications of -y-carotene. The content of 
carotene was greater than that in any other fruit examined by him. 

Enzymes. — ^Traetta-Mosca, Papocchia, and Galimberti ^ were unable 
to find oxidase and peroxidase in either ripe or green apricots. Inverting 
amylase, and emulsin were present in all stages of ripening. 

Mineral Constituents.-”-As reported by Colby and Dyer ® the ash 
content of the pulp was 0.542 per cent, of the pits 0.681 per cent, and 
of the whole fruit 0.550 per cent. Ash analyses by them and by Kulisch ® 
appear in the table which follows : 



^ K 2 O 

NaaO 

CaO 

MgO 

Fe 203 

Mn203 

P 2 O 5 

SO 3 

SiOa 

Cl 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

C.andD-: 











Pulp. . . 

58.89 

11.20 

3.24 

3.31 

0.77 

0.09 

11.20 

2.75 

8.31 

0 .S 8 

Pits.. . . 

10.95 

3.45 

6.75 

11.58 

12.39 

1.66 

43.76 

5.38 

2.58 

0,65 

Whole. . 

54.88 

10.57 

8.52 

3.85 

1.71 

0.31 

13.86 

2.95 

7.85 

0.60 

Kulisch: 











Pulp. . . 

40.0 


5.6 

3.8 



8.4 

— 


— 


Minor Mineral Constituents. Iran . — ^Dried stoned fruit 72.6 mg. per kilo, as sold 
(Peterson and Elvehiem)."^ Dried stoned fruit, 2 samples, 64.5, 72.5 mg. per kilo, 
as sold (Toscani and Reznikoff).® 

Aluminum . — Fruit 60 mg. per kilo, dry basis (Bertrand and L6vy) 

Co'p'per . — ^Kernel 13 mg. per kilo, dry basis (Maquenne and Demonssy).^*^ Dried 
stoned fruit 3.7 mg. per kilo, fresh basis (Lindow, Elvehjem, and Peterson). 

Zinc . — ^Edible portion 0.4 mg. per kilo, fresh basis (Bertrand and Benzon).^^ 

^ J. Nutrition 1933, 6, 83. 

2 Natur’wissenschaften 1933, 21, 44. 

3Z. physiol. Chem. 1933, 216, 45. 

^Loc. cit. 

®Loc. cit. 

®Loc. cit. 

7 J. Biol. Chem. 1928, 78, 215. 

® J. Nutrition 1934, 7, 79. 

®Compt. rend. 1931, 192, 526. 

10 Ibid. 1920, 170, 87. 

J. Biol. Chem. 1929, 82, 465. 

Bui. soc. hyg. aliment. 1928, 16, 457. 
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PEACE 

Pmmts persica Sieb. et Zucc. = Amygdalm persica L. = 

Persim mlgaris MilL 

Fr. P^che. Sp. Melocot6n. It. Pesca. Ger. Pfirsicb. 

Linnseus in naming this species was influenced by the statements of 
Greek and Latin writers that the tree was brought from Persia. De 
Candolle, however, finds abundant evidence that China is its original 
home. The varieties most commonly' grown in the northern states of 
the United States belong to the Persian race. In addition there are 
the north China (often hybridi 2 ;ed with the Persian), south China, 
Indian (represented by varieties ©x)wn in the southern states), and 
flat races. The flat peaches (var. pMycarpa Bailey = Persica pkxty- 
carpa Decne.), represented by the Peen-to variety, are often twice as 
broad as high, while the honey peach, belonging to the south China 
race, has a distinct beak. Nectarines are varieties of the peach with 
smooth skin and are separately described. The varieties are commer- 
cially classed as freestone and clmgstone, and according to the color 
of the flesh as white and yellow. 

As a dessert fmit, the season in the north is mucli extended by ship- 
ments from the south. Enormous quantities are canned and dried, 
the hairy skin in the former case being often removed by dipping in 
hot dilute (about 0.75 per cent) lye, then in water. 

MACROSCOPIC STRUCTURE. — Characteristic of the is the 

peculiar solid pink color. The sepals and petals, five each, and numerous 
stamens are borne at the top of the cup-shaped receptacle which is 
free from the single loculed, two-ovuled ovary. The petals differ greatly 
in size, being large and broad in some varieties, small and narrow in 
others. Only one of the two ovules commonly develops into a seed. 

The Jruit is velvety hairy, white to deep yellow, often with a deep 
red cheek, and has white or yellow flesh, more or less tinged with red 
beneath the skin or about the stone. Deep furrows and pits cover the 
hard brown endocarp or done which reaches 10 nini. in thickness. On 
the ventral edge are several prominent but irregular longitudinal ridges 
obscuring the suture through which the shells may be readily separated 
by inserting a stout knife. A prominent bundle runs longitudinally 
through the suture tissues, then passes into the locule and becomes the 
funicidus on which the seed is suspended. Cross sections cut through 
the endocarp often show holes. These are due to the furrows extending 
under the stony mass in places. 
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MICROSCOPIC STRUCTURE.— Lampe i studied the structure and 
development of the pericarp. Other authors who have studied the 
fruit and seed are noted under the head of Drupes. 

Pericarp (Fig. 227).— The tissues are (1) e'picarf (epi) of polygonal 
cellS; occasional stomata, and numerous thick-walled hairs {t) narrowed 
at the base; (2) hypoderm (hy) of headed, polygonal cells with an inter- 
cellular space at each angle; (3) mesocarp (mes) of large sac-like pulp 
cells with formless contents and rosettes of needle-shaped crystals (cr^) ; 
smaller cells with crystal rosettes of the usual type (crO, and fibro- 
vaseular bundles (fv ) ; and (4) endocarp of stone cells st^, and iep) . 



Fig. 227 .— Peach. Elements of pericarp in surface view, epi epicarp with t 
hairs; hy hypoderm; mes mesocarp parenchyma with cr^ oxalate crystal rosette 
and cr^ rosettes of needle-shaped crystals; fv fibre -vascular bundle with ac- 
companying sclerenchyma fiber and stone cells and cr^ crystal fibers; st^ iso- 
diametric and st^ elongated stone cells of outer and middle endocarp; iep inner 
cells of endocarp. X 160. (K.B.W.) 

The vessels of the fihro-vascular hmidles are pitted, reticulated, and 
spiral. Adjoining the bundles are crysttil fibers (cr^), each cell with a 
small crystal rosette, also pitted sclerenchyma cells and fibers 
differing from those in the apricot in having thin walls. 

Spermoderm, Perisperm, Endosperm, and Embryo. — See Peach 
Kernel, Volume I. 

Chief Structural Charactees.— Fruit variously shaped and col- 
\Z. Naturw. 1886, h9, 295. 
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ored, velvety with hairs; fruit flesh (mesocarp) clinging to or free from 
stone; endocarp thick, hard, deeply furrowed and pitted. Seed elon- 
gated, pointed, smaller than in almond and apricot. 

Epicarp hairs thick-walled (thinner-walled in apricot), pointed at 
base (globular in apricot) ; mesocarp parenchyma with typical oxalate 
rosettes, crystal fibers, and rosettes of needle-shaped crystals; endocarp 
of colorless stone cells of varying forms with dark contents. 

CHEMICAL COMPOSITION.— Colby and Dyer ^ secured the fol- 
lowing data in the analysis of fruit of the Orange Cling and Lemon 
Cling varieties respectively: weight of whole fniit 153.5 and 215.5 
grams, flesh 93.9 and 93.7 per cent, pits 6.1 and 6.3 per cent; water in 
whole fruit 78.50 and 86.50 per cent, ash 0.62 and 0.44 per cent ; juice 
in flesh 79.1 and 76.2 per cent; marc in flesh 20.9 and 14.0 per 
cent; acids as malic in juice 0.23 and 0.44 per cent; sugars in juice 
20.00 and 14.00 per cent. The results on sugars appear to be abnor- 
mally high. 

Kuhsch ^ analyzed peaches of 2 varieties, Amsden and Schone von 
Doue^ obtaining: weight 71.4 and 58.0 grams, pits 3.0 and 3,9 per cent, 
also the following in percentages of the pulp, solids 11.3 and 10.9, protein 
1.11 and 6.81, acids as malic 0.52 and 0.50, reducing sugars 2.05 and 
2.14, sucrose 5.52 and 5.72, and ash 0.42 and 0,62 per cent. 

Hotter^ gives analyses of the pulp of 5 samples of Austrian peaches 
showing the following range : total solids 15.7 to 17.7, insoluble solids 
2.6 to 4.2, extract 13.6 to 14.9, total sugars as invert 8.8 to 10.9, dextrose 
4.2 to 7.0, levulose 3.9 to 4.9, sucrose 5.0 to 7.1, acids ns malic 0.6 to 
1.2, tannin 0.06 to 0.22, total ash 0.51 to 0.60, and phosphoric acid 
0.05 to O.OS per cent. 

The average of 2 analyses of the pulp by Olig follow: water-soluble 
matter 9.40 per cent); water-insoluble matter 1.53 per cent; acids as 
citric 0.77 per cent (as malic 0.74 per cent); invert (reducing) sugar 3.96 
per cent; sucrose 2.03 per cent; total ash, 0.51 per cent, alkalinity 
of ash 52 cc. N/10 acid per lOO grams of pulp; phosphoric acid, total 
0.643 per cent, water-soluble 0.040 per cent. 

Relation of Structure to Composition.— A comparison of the histo- 
logical structure, physical characters, and chemical coin posit i(ui, made 
by Blake, Davidson, Addoms, and Night in gale, showetl a caurelatioii 
of firmness and noii-inelting characters with thick, tiiibrokeii cell walls 


^ California Agr. Exp. 8ta. 1891 ;2, p. 92. 
^Z. anp:e\v. Cliem. 1S94, p. 14S. 
sZ. laiidw. Yersriuchsv. 1906, 9, 747. 

^Z. Unters. Niihr.-Genussm. 1910, 19, 55S. 

® New Jersey Agr. Exp. St a. 1931 , Bui. 626. 
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and high cellulose and protopectin content. High soluble carbohydrate 
content is more likely to he associated with high color, greater firmness, 
and better edible characters than is high nitrogen content. 

Influence of Leaf Area on Composition.— -Weinberger and Cullinan/ 
by increasing the number of leaves per fruit from 10 to 80, secured an 
increase of sugars in the fresh fruit from 7.2 to 12.3 per cent. 

Changes in Composition During Growth, Ripening and Storage. — 
Goessmann^ determined reducing sugars and sucrose in the juice of 
2 varieties at different stages with results respectively as follows : Early 
York, nearly ripe 1.36 and 4.12, ripe 1.92 and 6.09; Crawford, nearly 
ripe 2.19 and 7.02, not mellow 1.67 and 5.92, mellow 1.70 and 8.94 
per cent. Since the total solids in the pulp of the Crawford variety at 
the stages recorded as not mellow and mellow were nearly alike, 
namely 11.88 and 11.36 per cent, the increase in sucrose was in weight 
as well as in percentage. 

Extensive experiments carried out by Bigelow and Gore® as shown 
below, involved analyses of 6 varieties, namely Triumph, Hivers, Early 
Crawford, Elberta, Heath Cling, and Smock, from early June to late 
August, also of 3 varieties, Elberta, Smock, and Stump, when market- 
ripe and fully ripe, and of 4 varieties, Rivers, Heath Cling, Smock, and 
Switzerland, at the time of hardening of the stone (endocarp or shell 
of pitl and after refrigeration for eight days: 


Composition of Peach Flesh (Bigelow and Goee) 



Weight 

Flesh 

Pits 

Ker - 

nels 

Pro- 

tein 

Pro- 

tein, 

pure 

Acids 

Sugars, 

reduc- 

ing 

Su- 

crose 

Ash 


g . 

% 

% 

% 

% 

% 

% 

% 

% 

% 

June drop aver-t- . 

9.5 

64.5 

35.5 

2.9 

0.98 

0.77 

0.38 

2.71 

0.18 

0.75 

Stone hard aver.f. 

16.8 

71.5 

28.7 

2.9 

0.81 

0.63 

0,46 

2.26 

1.57 

0.68 

Market Tipe:t 

Min 

54.5 

90.8 

6.5 

0.5 

0.22 

0.19 

0.44 

1.27 

4.03 

0.46 

Max 

98.6 

93.5 

9.2 

0.9 

0.44 

0,33 

1.00 

2.23 

6.14 

0.53 

Aver 

73.6 

92.5 

7.5 

0.6 

0 . 35 J 

0.271 

0.77 

1.98 

5.70 

0 . 50 § 

Market ripe aver.]] 

76.1 

92.1 

7.9 

0.7 



0.73 

2.20 

6.23 

0.57 

Full ripe aver-j' . . . 

85.1 

91.9 

8.1 

0.6 



0.66 

2.27 

7.36 

0.56 

Stone hard aver.§. 

15.8 

71.6 

28.4 

3 1 

0.81 


0.49 

2.22 

1.36 

0.82 

^Refrigerated aver.§ 

14.8 

71.0 

29.0 

2.4 




2.90 

0.31 



* As malic. 1 6 varieties. $5 varieties. §4 varieties. [ 1 3 varieties. 


1 Proc. Am. Soc. Hort. Sci. 1931, 28, 18; 1932, 29, 23. 
^ Massachusetts Agr. Exp. Sta. Rep. 1889, p. 302. 

3 U. S. Dept. Agr., Bur. Chem. 1905, Bui. 97. 
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The influence of diffeient kinds of storage on composition is shown 
by the average daily changes, in terms of percentages of the original 
flesh solids, given in the table which follows: 


Average Daily Changes m Peach Solids Dhrikg Storage (Bigelow and Gohe) 


Storage 

Time 

of 

stor- 

age 

Solids 

Marc 

Acids 

as 

malic 

Supw, 

rediicing 

Sucrose 

Unde- 

ter- 

Common (25°-30° C.). . 
Cold (0°C.) j 

days 

2-10 

28-63 

8-10 

% 

“3.117 

“0.221 

-0.722 

% 

“1.751 
“0.017 1 
“0.319 

% 

“0.055 

“0.075 

“0.116 

% 

+ 1.601 
+ 0.024 1 
-0.419 1 

% 

“ 1.778 
-0.257 
-0.699 

% 

-l.ia) 

+ CI.CE5 
+0.7« 

Refrigerator (12°-1S° C. 


In expeiiments designed primarily to study the influence of various 
fertilizers, Tarr^ found that only starch and reducing sugars were 
present during the early stages of growth. Daring the ripening period 
starch disappeared, sucrose appeared and progre^ively increased, and 
reducing sugars stabilized at 2.25 to 2.75 per cent. 

Pickett ^ has carried out experiments on the storage of peaches 
frozen at —15® and 65® C. in hypoisotonic and hypeiisotonic solutions 
of sucrose and common salt. The quickly (—65°) frozen fruit was 
lower in soluble pectin and higher in protopectin than the slowly (— 15°) 
frozen. 

Respiration. — Gore,^ working with 5 varieties of peaches, noted a 
maximum evolution of 134 mg. of carbon dioxide per kilo per hour at 
31.4° C. in one case and 29.2° C, in another and a minimum of 6 mg. 
at II® 0. 

Influence of Irrigation. — Sucrose, according to Leoncini and Rogai,-^ 
persists in peaches and plums into the last period of ripening, but this 
is less pronounced when the trees are heavOy irrigated. 

Influence of Fertilizers. — Analyses were made on several dates, by 
Nightingale, Addoms, and Blake of peaches from trees fertilized with 
large and small amounts of nitrogen. Results showing changes from t he 
unripe (July 22) to fully ripe (Aug. 31 to Sept. 9) fruit of high and of 
low nitrogen trees were respectively as folio w^s: solids 12.40 to 12.68, 

^Delaware Agr. Exp. Sta. 1921, Bui. 129. 

2 Georgia Agr. Exp. Sta. Eep. 1933, p. 42. 

SI). S. Dept. Agi., Bur. Cliem. 1911, Bui. 142. 

^Boll. ist. super, agr. Pisa 1932, 8, 777. 

®!New Jersey Agr. Exp. Sta. 1930, Bui. 494. 
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13.86 to 13.60; protein 1.64 to 0.71, 0.64 to 0.28; pure protein 0.48 
to 0.20, 0.38 to 0.19; soluble protein 1.11 to 0.52, 0.39 to 0.08; acidity 
(cc. iV/50 alkali per 10 cc. juice) 37 to 45, 37 to 48; reducing sugars 
2.80 to 1.53, 3.10 to 2.63; sucrose 0.17 to 5.69, 0.20 to 6.44; soluble 
pectin 0.36 to 0.34, 0.38 to 0.44; protopectin 0.47 to 0.07, 9.82 to 0.13; 
hemicellulose 0.62 to 0.17, 0.55 to 0.17; tannin 0.005 to 0.004, 0.082 
to 0.003; and asb 1.39 to 0.69, 1.26 to 0.51 percent. 

Eelation. of Pectin Content to Ripeness. — During ripening, according 
to Appleman and Conrad,^ protopectin changes into pectin, the sum 
of the two remaining practically constant until full ripeness when both 
begin to decrease. The progress of softening of the fruit parallels the 
formation of pectin from protopectin. Softening is accelerated by heat 
and retarded by cold, and proceeds more rapidly after picking, even if 
the temperature remains the same. Cold storage for a considerable time 
impairs the daTor of the fruit. 

Eelation of Composition to Canning Qualities. — Peaches for canning, 
according to Culpepper and Caldwell,^ should he picked when the flavor 
is well developed but before there is danger of disintegration in process- 
ing. The pressure test,” that is the resistance offered by the unpared 
flesh to perforation by a blunt needle 0.8 mm. in diameter, is a reliable 
measure of maturity. Selected results appear in the table below: 


Composition op Flesh op Canning Peaches at Difperent Stages of Ripeness 

(CULPEPPEE AND CaLBWELL) 



Before 
or after 
ripe 

Solids 

Alcohol 

extract 

Acids 

as 

citric 

Sugars, 

reduc- 

ing 

Su- 

crose 

Tan- 

nin 

Non- 

tannin 

Pres- 

sure 

test 


days 

% 

% 

% 

% 

% 

% 

% 

g- 

J. H. Hale: 










Unripe 

5-6 

13.24 

10.56 

0.59 

3.54 

4.55 

0.10 

0.11 

316 

Kipe 

0 

13.06 

10.96 

0.57 

3.36 

5.58 

0.07 

0.10 

309 

Overripe.. . . 

6-7 

13.52 

11.48 

0.45 ' 

3.66 

6.05 

0.03 

0.11 

162 

Elberta: 










Unripe 

6-7 

14.17 

11.28 

0.72 

3.51 

5.60 

0.06 

0.16 

323 

Ripe 

0 

14.98 

12.60 

0.73 

3.68 

6.69 

0.05 

0.14 

296 

Overripe.. . . 

6-7 

13.45 

11.64 

0.48 

2.46 

7.55 

0.02 

0.13 

134 

Yellow Hiley: 










Unripe 

6-7 

13.59 

10.40 

0.73 

3.48 

3.50 

0.04 

0.12 

358 

Ripe 

0 

13.32 

10.84 

0.66 

2.72 

5.61 

0.03 

0.10 

269 

Overripe.. . . 

5-6 

12.69 

10.73 

0.43 

2.93 

6.10 

0.04 

0.12 

68 


^ Maryland Agr. Exp. Sta. 1926, Bnl. 283. 
2 U. S. Dept. Agr. 1930, Tech. Bui. 196. 
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Composition of Poacli Juice. — Besults by Trtichon and Martin- 
Claxide^ and Windisch and Schmidt,^ in some cases recalculated for 
uniformity, appear in the following table: 


CoMPOsnioNT OF Peach Juice 


(Grams per 100 cc. juice) 



Sam- 

ples 

1 Sp. gr. 
:i5°c. 

Sclids 

Pro- 

tein 

Adds 

as 

malic 

Invert 

sugar 

Su- 

crose 

Tan- 

nin 

Ash, 

total 

Ash, 

alk.* 

T. andM. 

1 

1.054 

14.34 


0.61 

3.35 

1.^ 


0.47 


W. and S. 
Min.. . . 

2 

1.038 

9.70 

0.40 

0.94 

3.06 

2.87 

0.12t 

0.41 

43 

Max. . . 


1.045 

11.60 

0.42 

1.01 

3.80 

4.02 

0.12t 

0.51 

53 

Aver. . . 


1.042 

10.66 

0.41 

0.98 

3.43 

3.45 

0.12t 

0.46 

48 


* Cc. 2V/ 10 acid per 100 ce. juice, f 1 saai^©. 


Composition of Kernel. — See Peach Kernel, Tolnme L 

Acids. — Kunz and Adam^ concluded that the acid of the peach is 
citric with no malic; Bigelow and Dunbar,*^ that it is probably mdic] 
and Kelson,^ who used the ester-distillation method, that it is a mixture 
of the Z-malic and citric in about equal proportion. Muttelet ® reports 
malic acid 0. 19 and citric acid 0.31 per cent. 

Carbohydrates. — Leoncini and Eogai^ observed that wet weather 
and a moist condition of the soil reduce the content of sugars. 

Odorous Constituents. — The chief odorous constituents of peaches, 
according to Power and Chesnut,^ are esters of the aliphatic terpene 
alcohol Itnalool, CioHigO, an isomer of geraniol, with fornik, acetic, 
valeric, and ca'prylic acids, also considerable acetddehyde and small 
amounts of an aldehyde of higher molecular weight. Keither hydro- 
cyanic acid nor benzaldehyde was detected, and it wos concluded that 
the glucoside amygdalin is present only in the kernels of the pits. An 
unstable volatile cil, present to the extent of 0.00074 per cent in the 
pulp, was isolated by extracting a concentrated distillate with ether, 

^ Arm. chim. anal. 1901, 6, 85. 

^Z. tTnters. Nahr.-Genussm. 1909, 17 , 584. 

3 Ibid. 1906, 12, 670. 

-‘J. Ind.Eng.Chem. 1917,9, 762. 

5 J. Am. Chem. Soc. 1924, 46, 2337. 

® Ann. fals. 1922, 16, 453. 

■^Bol. ist. super, agr. Pisa 1933, 9,501. 

8 J. Am. Chem. Soc. 1921, 43, 1725; 1922, 44, 2956. 
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On cooling it solidified to a transparent mass containing acicular crystals 
of a hydrocarbon melting at 52° C. Acetaldehyde and cadimne, or a 
compound giving a similar color reaction, were believed to be present 
in small amounts. 

Mineral Constituents. — Kulisch^ in the flesh of 2 varieties and 
Haskins^ in the whole fruit analyzed at the Massachusetts Station 
report the results given in the following table: 



Water 

Ash 

KaO 

CaO 

MgO 


KuHseli 

% 

% 

% 

% 

% 

% 

Amsden 

88.70 

0.415 

0.208 

0.036 

0.020 

0.053 

Scbone von Done' 

89.10 

0.617 

0.320 

0.012 

0.017 

0.046 

Haskins 

88.4 

0.34 

0.25 

0.01 

0.02 

0.05 


Minor Mineral Constituents. Iron . — ^Fiuit 3.6 mg. per kilo, fresh basis ; drie? 
stoned fruit 60.6 mg. per kilo, as sold (Peterson and Elvehjem).^ Fruit, 2 samples 
5.2, 5.6 mg. per kilo, fresh basis (Toscani and Keznikoff).^ 

Al'uminum. — ^Frnit 8-8 mg. per kilo, fresh ba.sis (Underhill, Peterman, Gross, 
and Krause).® Fruit 64 mg. per kilo, dry basis (Bertrand and Levy).® 

Copper. — Pried stoned fruit 2.7 mg. per kilo, fresh basis (Lindow, Elvehjem,and 
Peterson),^ 

Zwc.— Stoned fruit 0.2 mg. per kilo, fresh basis (Bertrand and Benzon.)^ 

NECTARINE 

Prums Persica var. nncipersica Schneid. == Penica nucipersica Boikh. 

Fr. Peche lisse. Sp. Abridor. It. Pesca. Ger. Glatte Pfirsich. 

Botanists now regard the nectarine as a smooth-skinned variety of 
the peach. This is in harmony with the similarity of the two fruits 
in the texture and flavor of the fruit flesh, the furrowed surface of the 
stone, and the structure of the seed. In external appearance, however, 
as well as in certain details of structure of the spermoderm, the fruit 
is more like a plum than a peach, which suggests that possibly it is a 
hybrid. 

Loc. cit. 

2 Massachusetts Agr. Exp. Sta. 1919, Spec. Bui. 

3 J. Biol. Chem. 1928, 78, 215. 

^ J. Nutrition 1934, 7, 79. 

® Am. J. Physiol. 1929, 90, 72. 

® Bui. soc. hyg. aliment. 1931, 19, 359. 

^ J. Biol. Chem. 1929,82,465. 

® Bui soc. hyg. aliment. 1928, 16, 457. 
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MACROSCOPIC STRUCTURE. — The smooth surface and the fur- 
rowed Mme are the distinctive characters- Clingstone and freestone 
varieties are cultivated. 

MICROSCOPIC STRUCTURE. Pericarp. — The epicarp cells (Fig. 
228) are distinctly beaded and larger than in the peachy especially about 
the stomata. Although hairs are generally regarded as entirely ateent, 
a few of the peach type may occur in the groove. Of more frequent 
occurrence in the mature fruit are hair scars (x), 

Spermoderm, Perisperm, Endo- 
spenn, and Embryo.-— See Nectarine 
Kernel, Volume L 

Chief STETJCTUEJin Chara.c~ 

TEES. — ^Hairs and hair scars sparingly 
present in groove. Fruit otherwise 
smooth, resembling peach. 

CHEMICAL COMPOSITION.— 

An analysis of California nectarines 
by Colby ^ yielded as follows: average 
weight 102.5 grams, pulp 93,4: per 
cent, pits 6.6 per cent, kernels 0.94 
per cent, water 79.06 per cent, protein 0.73 per cent, and ash 0.50 per 
cent. The pulp (fruit flesh) consisted of juice 89.3 and marc 10.7 
per cent; the juice contained acids calculated as malic 0.85 and sugars 
17.17 per cent. 



Fia. 228-— Nectarine. Epicsarp in 
surface view, z hair ^ 2 iur. X 166. 
(AX.W.) 


SWEET CHERRY 

Prunus avi'um L. = P. Cerams L. var. avimn L. = 

Cerasus avium Moench. 

Fr. Putiet. Sp. Ceieza. It. Ciliegia. Ger. Susskirsche. 

Mazzards or sweet cherries are derived from a species native in 
western Asia and also perhaps in Europe. Cultivated varieties are 
grouped as ^‘Hearts” (var. Juliana Bailey) with soft, sweet fruit 
flesh, Bigarreaus (var. duraciTui Bailey) with hard, sweet fruit 
flesh, and ‘‘ Dukes (var. regalis Bailey) with soft, acid flesh. Some 
authors give the three types specific names. 

As a dessert and culinary fruit, the cherry is much esteemed, being 
especially suited for pies and puddings- It is canned, dried, and can- 
died on a considerable scale. Kirschwasser is a liquor of high alcoholic 
content prepared in Switzerland and neighboring regions. Sweet 
^ California Agr. Exp. St^. Rep. 1892/4, p. 257. 
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cherries, artificially colored and flavored, and preserved in syrup, in 
the United States are popular additions to desserts, salads, punches, 
etc. Colored red and flavored w'ith benzaldehyde they are known as 
maraschino cherries, although no true maraschino — the liqueur made 
in Dalmatia from the sour cherry — is used in their preparation. They 
are also colored green and flavored with mint. Tor their preparation, 
white cherries are imported from Europe in a liq^uid containing sulphites 
or sulphurous acid as a preservative which is removed by soaking and 
washing. 

MACROSCOPIC STRUCTURE. — The flowers are produced in 
clusters on long peduncles. White petals and smooth calyx tube and 
reflexed calyx lobes characterize both sweet and sour varieties, the 
tube of the former being distinctly constricted at the top, while that of 
the latter is practically without constriction. The fruit is small with 
a nearly globxQar small stone y but in general structure is like the plum. 
There are white, red, and black varieties. 

MICROSCOPIC STRUCTURE. Pericarp. — The chief distinction 
from the plum lies in the larger size of the cells of the epicarp which, 
measured in surface mounts, reach over 100 ijl in diameter. Indistinct 
beads are present in the walls which are somewhat thickened. Division 
into daughter cells is not marked. About the stomata the cells are 
smaller and thinner-walled. 

Hypoderm. — In cross section the cells are seen to be flattened; in 
surface view they are rounded with intercellular spaces at the angles. 

Mesocarp. — Among the large pulp cells are smaller ones, each with 
a crystal rosette. Smaller cells also adjoin the endocarp. The fihro- 
vascular bundles contain spiral, reticulated, and pitted vessels. Small 
sclerenchyma fibers accompany the bundles. 

In the onter endocarp, forming the bulk of the woody tissue, the stone 
cells are isodiametric; in the inner part, consisting of but a few rows, 
they are narrow and transversely elongated. A layer several cells thick 
of longitudinally elongated forms, such as occur in the larger drupes, is 
absent. The cells are thick-walled and finely pitted with colorless walls 
and contents. 

Spermoderm, Perisperm, Endosperm, and Embryo. — See Cherry 
Kernel, Yolume I. 

Chief Stexictuhal Characters. — Fruit small, sweet, black, red, or 
yellow; stone small, usually globular. 

Epicarp cells large (lOO n); mesocarp without stone cells; outer 
endocarp of isodiametric stone cells, inner endocarp of transversely 
elongated stone cells. 

CHEMICAL COMPOSITION. — ^Analyses of 2 European varieties 
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by Kulisch/ of 3 California varieties, Eoyal Inn, Black Tartaric, and 
Napoleon Bigarreau, by Colby and of 13 Oregon varieties by Sbaw^ 
are summarized below: 


Composition op Chereies 



"V eight 

Plesh 

Pits 

Juice 

IMarc 

Solids 

Pro- 

tein 

Acids 

as 

malic 

Invert 

sugar 

Su- 

mm 

Ash 


g. 

% 

% 

% 

% 

% 

% 

% 

: % 

% 

% 

Kulisch: 












Bro-wn-red. 

3.8 


9.5 


.... 

14.50* 

1.26* 

0.51* 

11.99* 

0.46* 

0.38* 

Mountaitt . 

4.5 


6.9 



21.40* 

1.14* 

0.99* 

15.38* 


0.41* 

Colby: 












Min 

6.2 

94.0 

3.3 

79.1 ' 

11.3 

18. 12 

1.14 

0.37 

8.98t 


Max 

8.5 

96.7 

6.0 

89.7 


24.82 

1.73 

0.68 

12.75t I 


A-ver 

7.6 

95.4 

4.6 

83.4 

16.7 

30.57 

1.41 

0.48 

19 .Mt 


Shaw: 












Min 

2.9 

90.9 

3.6 

80.0* 

8.3* 


0.70* 

0.161 

7. sot 

0.4i* 

Max 

7.8 

96.4 

93.9 

10.1 

91.7* 

86.4* 

20.0* 

13.1* 

25.28* 

18.75* 

1.20* 

0.91* 

0.821 

0.431 

12.S5t 

ICl.iOt 

1.00* 

0.53* 

Aver. 

6.3 

5.3 


* Per ceatin flesh. -fTotal sugars calculated to the Juice 11.41 to 15,77, aver. : 

J Total sugars calculated to the Juice 8.64 to 16.46, aver. $ Per cent m juice. 


Analyses of the flesh of 6 samples of Austrian cherries reported by 
Hotter^ show the following range: total solids 14.7 to 22.3, insoluble 
solids 2.1 to 2.5, extract 13.1 to 19.9, total sugars as invert 8.8 to 13.9, 
dextrose 5.3 to 7.8, levulose 3.4 to 5.8, sucrose D.4 to D.8, acids as malic 
0.4 to 0.8, tannin 0.05 to 0.15, total a&h 0.43 to 0.60, and phosphoric 
acid 0.04 to 0.07 per cent. 

Analyses on a somewhat different plan of 3 samples of cherry flesh 
by Olig ® yielded as follows: 


Composition of Cheeby Flesh (Olig) 



Solids, 

sol. 

Solids, 

insol. 

Acids 

as 

malic 

Invert 

sugar 

Ash, 

total 

Ash, 

alk.* 

total 

water- 

sol. 

Min... 

% 

10.50 

% 

1.41 

% 

0.46 

% 

7.8G 

/C 

0 47 

42 

Tc 

0.043 

% 

0-038 

Max . . 

14.62 

2.09 

0.94 

11.34 

0.68 

73 

0.065 

0.056 

Aver. . 

12.43 

1.73 

0.73 

9.60 

0.59 

58 

0.063 

0.046 


* Cc. AV 10 acid per 100 grams fruit. 


1 Tj. aiigeiY. Cbem. 1894, p. 148. 

2 Ciiliforiiia Agr. Exp. Sta. Rep. 1894/5,, p- 177. 
2 Oregon Agr. Exp. Sta. 1898. Bill. 65. 

^ Z. landw. Versiiclisw. 1906, 9, 747. 

Z. XJnters. Nahr.-Genussm. 1910, 19, 558. 
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Composition of Cherry Juice. — ^Truchon and Martin-Claude ^ and 
Windisch and Schmidt^ obtained the results here tabulated: 


COMPOSITIOTT OF ChBRRT JiJICB 


(Grams per lOO cc. juice) 



Sam- 

ples 

Sp. gr. 
15° C. 

Solids 

Pro- 

tein 

Acids 

as 

malic 

Invert 

sugar 

Su- 

crose 

Tan- 

nin 

Ash, 

total 

Ash, 

alk.* 

T. and M.-C.: 
Early 

1 

1.040 

0.34t 


0.44 

8,36 

0.00 


0.30 


Late 

1 

1.055 

0.24t 


0.75 

9.68 

0.00 


0.39 


W. and S.: 
Sour 

Min .... 

9 

1.045 

11.70 

0.33 

0.99 

6-98 

0.26 

0.13} 

0,38 

38 

Max. . . . 


1.081 

21.15 

0.75 

1.87 

12.89 

1.07 

0.15} 

0.57 

57 

ATer 


1.064 

16.80 

0.43 

1.40 

9.32 

0.96 

0.14} 

0.48 

49 

Sweet 

Min 

20 

1.044 

11.25 

0.32 

0.46 

7.07 

0.00 


0.38 

39 

Max. . . . 


1.092 

23.96 

0.83 

0.83 

14.58 

0.67 


0.62 

60 

kyei 


1.067 

17.66 

0.48 

0.64 

11.10 

0.26 

0.09§ 

0.48 

49 


* Cc. N/10 acid per 100 cc. juice, t Alcohol precipitate, t S samples. § 1 sample. 


Hotter,^ in the analysis of seyeral varieties ranging in color from 
black to yellow, obtained results falling in general within the range 
giyen in the above table. 

Composition of Kernel. — See Cherry Kernel, Volume I. 

Changes in Composition during Ripening. — Analyses by Keim^ 
made up to full ripeness (June 19) show progressive increase in solids, 


Composition of Chereies during Growth Ripening (Keim) 



W eight 

Solids 

Acids 
as malic 

Sugars, 

reducing 

Sucrose 

Ash 


g- 

% 

% 

% 

% 

% 

May 15.. . . 

6.4 

11.12 

0.21 

2.74 

0.19 

0.48 

May 21. . .. 

8.3 

16.27 

0.31 

3.13 


0.52 

May 28 ... . 

13.2 

17.87 

0.41 

4.14 

0.28 

0.65 

June 10 ... . 

30.8 

16.37 

0.42 

9.12 

1.17 

0.66 

June 19.... 

37.2 

18.78 

0.46 

10,26 


0.74 


^ Ann. chim. anal. 1901, 6, 85. 

2 Z. Unters. Nahr.-Genussra. 1909, 17, 584. 

® Graz pomolog. Vers.-Stat. Ber. 1894jet seq. 
^ Z. anal. Chem. 1891, 30, 401. 
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aeids, sugars, and ash as here given. Inosite was found in both the 
green and ripe fruit. 

Hartman and Bullis ' show that sugars and non-sugar solids increase 
greatly whereas acidity, ta,nnin, astiingency, and color decrease during 
ripening. The firmness is determined by a special pressure tester. 


COUPOBITION or UnKIPB and Eieb CeBREUSS (HaKIMAN Ajnj BuLIils) 


Date 

Acids as 
malic 

pH 

Sugars 

Kon-sugar 

solids 

1926 

% 


% 

% 



June 4 

0.90 

3.29 

10.6 

3.9 

July 26 

0.71 

3.81 

18.8 

7.1 

1927 




Juue 23 

0.76* 

3.68 

7.4 

3.4 

Aug. 1 

0.72* 

3.96 

16,6 

i 6.2 


* rie lowest acidity was 0.62% on July 20, the tughest wm 0.82% on June 26. 


Acids. — Bigelow and Dunbar ^ after studying results obtained by 
Dunbar, by dart, by Johnson, and by Fitisgerald and Dunbar, all of 
the same laboratory, stowing 0.56 to 2.01 per cent of acid as malic 
by titration and practically the same amounts by determination of 
malic acid, conclude that malic is the sole acid present. In this con- 
clusion they wholly agree with Kunz and Adam'^ and substantially 
with Jorgensen,^ who found in addition only traces of succinic and citric 
acidSj and Muttelet, ^ who found malic acid and mere traces of tartaric 
acid and later® 0.82 to 1.61 per cent of malic acid in different varieties. 
They disagree with Keim,'^ who found both malic and citric, Tmcbon 
and Martin-Claude,^ who found tartaric and traces of citric in unripe 
cherries but no citric in the ripe, Eoux and Bonis,® who, while admitting 
that malic acid predominates, assert that citric and tartaric acids also 
are present, and Traetta-Mosea, Papocchia, and Galiniberti,^®* who 
report malic, citric, and tartaric acids. 

■* Oregon Agr. Exp. Sta. 1920, Bui. 247. 

2J. Ind.Eng. Chem. 1917,9, 762. 

3 Z. Unters. Nalir.-Genussin . 1906, 12, 670. 

nbid.1907, 13,241. 

6 Ann. fills. 1909,2, 383. 

e Ibid. 1922, 16, 453. 

7 Z. anal. Cliem. 1891, 30, 401; 

® Ann. cliiriQ. anal. 1901, 6, 85. 

® Ann. fals. 1909, 2, 159. 

Ann. chim.appl. 1923, 13, 333. 
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Eaz 3 rnies. — Traetta-Mosca, Papocchia, and Galimberti ^ found no 
oxidase in black cherries and peroxidase only in the unripe fruit, Inmrtin 
and amylase were present in the pulp and emulsin in the seed in all 
stages of growth. 

Mineral Constituents. — An ash analysis of European cherries by 
Keim,^ after calculating free of 19.5 per cent of carbon dioxide, agrees 
in niost respects quite closely with one by Colby 



1 K 2 O 

NasO 

CaO 

MgO 

F€203 

AJ[203 

Mn203 

P 2 O 5 

SO 3 

SiOa 

Cl 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Keim. . 

54. 98 

1.66 

6.46 

5.77 

2.05 

1.01 


19.85 

3.96 

2.29 

1.53 

Colby. . 

57.67 

6.80 

4.20 

5.49 

1.12 

— 

0.82 

15.11 

5.83 

1.13 

1.83 


Minor Mineral Constituents. Iron, — ^Red 3, black 4 mg. per kilo, fresh basis 
(Bmge quoted by Sherman).'* Fruit: black 14 mg. per kilo, fresh basis (Hauser- 
mann quoted by Sherman).’* Fruit: red 4.6, black 5.1 mg. per kilo, fresh basis 
(Peterson and Elvehjem).® 

Aluminum. — Storied fruit 34.9 mg. per kilo, fresh basis (Underhill, Peterman, 
Gross, and Krause).® Fruit 70 mg. per kilo, dry basis (Bertrand and L6vy)y 

Copper. — Fruit fresh basis 1.6, dry basis 15.6 mg. per kilo (Gudrithault).* Stone : 
kernel 27, shell 12 mg. per kilo, dry basis (Maquenne and Femoussy).® Stoned 
fruit 1.4 mg. per kilo, fresh basis (Lindow, Elyehjem, Peterson). 

Zinc. — Sour cheriy, edible part 1.5 mg. per kilo, fresh basis (Bertrand and 
Benzon).^^ 

Iodine, — None (Winterstein).^® 

SOUR CHERRY 

Prnnus Cerasus L. = Cerasus vulgaris Mill. 

Fr. Griotte. Ger. Sauerkirsche, 

This species is more hardy than the sweet cherry. It probably 
originated in western Asia and is grown in Europe and America. Two 

^ Log. cit. 

2 Log. cit. 

® Log. cit. 

* U. S. Dept. Agr., Off. Exp. Sta. 1907, Bui. 186. 

5 J. Biol. Cbem. 1928, 78, 215. 

6 Am. J. Physiol. 1929, 90, 72. 

7 Compt. rend. 1931, 192, 525. 

8 Ibid. 1920, 171, 196. 

® Ibid. 1920, 170, 87. 

10 J. Biol. Chem. 1929, 82, 465. 

Bui. soc. hyg. aliment. 1928, 16, 457. 

12 2. physiol- Chem. 1918, 104, 54, 
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groups are recognized, the morellos with dark fruit and the amarelles 
with light fruit. 

They are too sour for eating out of hand but are excellent for cooking. 
The liqueur maraschino is made in Dalmatia from this species. 

MACROSCOPIC STRFCTURE.—See Sweet Cherry. 

MICROSCOPIC STRUCTURE. Pericarp. — No difference in struc- 
ture of the sweet and sour cherry has been noted. 

CHEMICAL COMPOSITION,— See Sweet Cherry. 

ICACO 

Chrys&lalaniis I coco L. 

Fr. Prune icaque. Sp. Icaco. Ger. Ikakopflaume. 

Hicaco is another spelling and cocoa plum another name for the 
fruit. According to Sargent Mt is a native of Florida, West Indi^, 
Brazil, and the West Coast of Africa. 

Though not a valuable dessert fruit, it is much used for making 
preserves. Chace, Tolman, and Mnnson,^ in their studies of the 
chemical composition of Cuban fruits, found the icaco 
on sale in Cuba both fresh and packed in gla^ and 
tin. 

MACROSCOPIC STRUCTURE,— Excepting the 
style which is attached to the base of the ovary, the 
raphe which is dorsal, and the ascending ovules, the 
flower is similar to flowers of the species of Prunus. 

There are fve calyx lobes, five petals, and about twenty 
stamens, petals and stamens being attached to the disk 
in the calyx throat. Of the two ovules only one becomes 
a seed. 

Externally the fmit (Fig. 229) is pluin-like— but is narrowed at the 
base — and has about the same range of colors. The fruit flesh has a 
tendency to be cottony, which is explained below. The .stotie is five- 
to eight-angled, reticulated betw^een the angles, and pointed at the 
base. It splits at the angles. Cross sections show that the endocarp 
is about 1 mm. thick, the spermoderni is thin, and the cotyledons are 
fleshy filling the locule except for a more or less pronounced central 
cavity. 

MICROSCOPIC STRUCTURE.— ^licroseopically the fruit andsetai 
have little in common with those of the prunus drupes. 

1 Manual Trees of North America, Boston, 1V)05, p. 532. 

2 U. S- Dept. Agr., Bur. Cbem. 1904, Bui. 87, 28. 



Fig. 2 2 9 - — 
Icaco. Left, 
fruit; right, 
stone. X 
(AX.W.) 
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Pericarp. — Pour layers are present: (1) epicarj) of thin- walled polyg- 
onal calls, up to 25 IX in diameter, and occasional rather large stomata 
but no hairs; (2) hypoderm of small slightly thickened isodiametric 
cells; (3) mesccarp of thin-walled pulp cells, mostly elongated and 
arranged end to end in radial rows, also fibro-Yascular bundles with 
accompanying bast fibers and sclerenchyma fibers; and (4) endocarp 
of fiber-like elongated, thick-walled, sclerenchyma cells running in 
groups in different tangential directions. 

The radially elongated cells of the mesoccrp explain the so-called 
cottony nature of the fruit flesh. Fibro-vascuhr bundles are numerous 
adjacent to the endocarp. CrysM rosettes occur in small cells through- 
out the mesocarp, also in crystal fibers near the bundles. 

Spermoderm.— Differentiation into well-defined layers and epi- 
dermal sclerenchyma cells, characteristic of the species of Prunus, is 
not evident in the icaco. The more or less brown cells are inconspicuous 
and neither cuter nor mner eptdern is well marked. Bundles of the raphe 
and its branches are conspicuous. 

Perisperm. — ^Not evident. 

Endosperm. — The endosperm is reduced to a single or in places 
double layer of typical aleurcm cells. 

Embiyo. — The cotyledons are rich in fat and aleurone grains, but 
the structure of the latter is obscured by other cell contents which do 
not dissolve in turpentine mounts. 

CEiEr Steuctueal Characters. — ^Fruit plum-like, smooth; meso- 
carp cottony; stone five- to eight-angled; endocarp hard, 1 mm. thick. 
Spermoderm thin, brown; endosperm thin, colorless; cotyledons bulky, 
about central cavity. 

Mesocarp cells radially elongated; endocarp entirely of sclerenchyma 
fibers. Spermoderm characterless, without sclerenchyma cells. Con- 
tents of cotyledons aleurone grains and fat. 

CHEMICAL COMPOSITrOlSr. — Analyses by Chace, Tolman, and 
Munson ^ of the flesh of 2 samples grown in Cuba follow: 



W^eight 

Flesh in 
fruit 

Solids, 

total 

Solids, 

insol. 

Pro- 

tein 

Acids 

as 

malic 

Sugars, 

reduc- 

ing 

Su- 

crose 

Ash, 

total 

Ash, 

alk.* 


g- 

% 

% 

% 

% 

% 

% 

% 

% 

cc. 

I 

8 

69 

14,29 

4.74 

0.46 


5.18 

0.00 

0.96 

105 

II.. .. 

8 

70 

: 13.59 



0.13 

4.18 

0.36 

0.91 

79 


Cc. iV/10 add per 100 grama pulp. 


‘ U. S. Dept. Agr., Bur. Chem. 1904, Bui. 87. 
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Mineral Constituents. — Cliaee, Tolman, and Muhsob ^ found 0.91 
per cent of ash in the pulp and the following percentages of constitnents 
in the ash: 


K 20 

CaO 

MgO 

PlOs 

so, 

a 

% 

% 

% 

% 

% 

7c 

35.15 

5.84 

4.61 

3.09 

4.77 

18.62 


^Loc. cit. 



FRUITS OF THE PEA FAMILY 

(Leguminosse) 

, food legumes are distinctly vegetables or fodder plants, 
the tamarind, caiob, and kamanchile are here classified with fruits. 
The tamarind pod is characterized by its intense acidity which gives it 
much the same value as the lemon; the carob pod, on the other hand, 
is markedly sweet and in addition contains tannin bodies (‘Tnklusen^’) of 
remarkable form and properties. Only the aril of the kamanchile is eaten. 

TAMARIND 

Tamarindus indica L. 

Fr. Tamarin. Sp. Tamarindo. It. Tamarindo. Ger. Tamarinde. 

A native of tropical Africa, Australia, and probably Asia, the tama- 
rind tree is grown throughout the tropics for its acid fruit, the pulp 
of which, made into cakes, paste, or packed in casks with sugar, is used 
in foods, drugs, and cooling drinks. 

MACROSCOPIC STRUCTURE. — Luerssen ^ shows an excellent cut 
of the flmer in longitudinal section. Of the four pointed calyx lobes 
the upper belongs to two united sepals. Three of the five petals are 
yellow and showy, while the two lower petals are reduced to bristles. 
The stalk of the elongated pistil is grown to the calyx tube. Of the 
nine stamens, only three develop and the filaments of these are united 
for about half their length. 

The vod (Fig. 230) of the East Indian tamarind often reaches 20 
cm. in length and contains a dojzen or more seeds, but that of the West 
Indian variety (T. occidentalis Gaertn.) is commonly shorter and fewer- 
seeded. The peduncle is jointed, 2 to 3 cm. long. The pod is rounded 
triangular with a main longitudinal bundle in each angle and two or 
three others embedded between the two ventral angles, all running the 
entire length of the pod and with numerous fine lateral branches. The 
harsh, brittle, brown rind, about 1 mm. thick, may be removed readily 
from the septate pod, exposing the soft mesocarp, from which in turn 
may be separated the bundles and the seeds, each of the latter being 
completely enclosed in a parchment-like endocarp. 

1 Handb. Syst. Botan. Leipzig, 1882, 2, 899. 
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The seeds are flattened, more or less rounded quadrilateral, brown, 
strongly lustrous at the edges but with a somewhat dull, slightly 
depressed and distinctly outlined patch on the center of each side. 
The seed, unlike its near relatives the carob bean and coffee ca®ia, 
is orthotropous, the hilum and micropyle being on opposite edges. The 
hilum is recognized by the remnants of a tom-off funiculus and the 
micropyle by its uniform circular raised border. A faint ridge on the 
edge of the seed might he mistaken for a raphe but it runs completely 
around and not to a chalaza. The hilum is directly 
over the short, straight (not recurved) radicle which 
is about one-quarter of the length of the fleshy cotyle- 
dons, these latter being notched to receive it, ISTeither 
endosperm nor perisperm is evident. 

MICROSCOPIC STRUCTURE. — Meager descrip- 
tions are given in works on pharmacognosy. 

Peduncle. — Cross sections show: (1) cork celh with 
brown contents, (2) brown parenchyma and stone celh, 

(3) 'pericycle of stone cells and crystal cells, (4) phloem 
zone with crystal fibers, (5) cambium, (6) xykm zone of 
vessels and bast fibers, and (7) pith. 

Pericarp (Fig. 231).— Six layers are present, of which 
the first two form the rind: (1) epicarp of cork cells, 
several thick, often with thickened inner and side walls; 

(2) hypodern of a dense mass of stone cells with dark 
contents, increasing in size from without inward, and 
narrow radial rows of parenchyma; (3) mesocarp of 
parenchyma containing starch (am) up to 12 ii and 
beautiful crystals of potassium (or calcium) bitartrate 
(cr), also fibro-vascular bundles; (4) fibers (sc), about 2 30 — 

15 /X broad with distinctly beaded walls; (5) brown Xamarind. Pod 
parenchyma (p) with cells smaller than in the meso- with peduncle, 
carp; and (6) endocarp (end) of colorless fibers less than X (xA..L.ty.) 
10 ju broad with scarcely visible lumens. 

Spermoderm (Fig. 232, S). — On the center of the dull patches five 
layers are differentiated: (1) palisade cells {pal), 135 Ai high and 10 ii 
broad, forming the epiderni, wdth a cuticle (c); (2) suhepidenri (snh) 
of spool- or bone-shaped cells up to 50 p high and 25 ju broad, one to 
three thick, containing disorganized chlorophyl grains (ch) or deep 
brown contents, passing into (3) thick-imlled parenchyma {p^}, varying 
from isodiainetric in the outer to transversely elongated cells in tlie 
inner layers; (4) radially elongated parenchyma (py); and (5) inner 
epiderm {iep) of small cells with thick w^alls. 



668 


FRUITS 


The lemarkable 'palisade cells resemble in some respects those of 
cotton seed. la addition to a bulb at the inner end of each ceU, there 
is another (y) a little below the center, both containing a brown sub- 
stance. About one-third the distance from the inner bulb to the cuticle 
is a short region (w) with wart-like spots. The color of the walls between 
the cuticle and the middle bulb is yellow, about the middle bulb it is 
a deeper yellow, while between the two bulbs it is colorless. Polarized 
light brings out a play of colors except in the warty portion and the 
extreme inner end. 

Proceeding from the dull patches toward the lus- 
trous margin of the seed, the middle bulb and warty 
region move nearer and nearer the outer ends of 
the cell until they are lost in the cuticle. Their 
disappearance is accompanied by an increase in 
height of the cells to about 160 to 175 ii. In the 
region of the hilum, there is a further increase to 
about 250 ju and then an abrupt disappearance of 
the cells at the hilum while about the micropyle 
there is a gradual shortening and disappearance. 


Fig. 231. Pig. 232. 

Fig. 231. — Tamarind. Pericarp tissues in commercial paste, am starch paren^ 
chyma; cr potassium bitartrate crystals; sc sclerenchyma ; 3 ? parenchyma; end 
endocarp. X 160. (A.L.W.) 

Fig. 232.— Tamarind. Seed in cross section. S spermoderm: 'pal palisade epi- 
cierm with c cuticle, y yellow baud, w warty band; sub subepiderm with ch 
chlorophyl grains; outer, inner parenchyma; iep inner epiderm. C coty- 

ledon of thick-walled beaded cells, al aleurone grains. X 160. (A.L.W.) 

The suhepidemal cells vary considerably in the different parts. On 
the edges of the seed all the inner layers are strongly developed. 

Perispenn and Endosperm appear to be entirely lacking at full 
maturity. 

' Embryo (Fig. 232, C ). — Reserve carbohydrate in the cell wall, such 
as is present in the endosperm of the carob bean and coffee cassia, is 
here found in the cotyledons, but in the form of amyloid, not mucilage. 
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As first rioted by Nageli,^ the thicbeneci porous walls stain blue with 
iodine in potassium iodide. The cell cavities contain fat and protein in 
granules of obscure structure. 

Chief Stexjctueal Chaeactees. — Pulp containing long stringy 
bundles. Quadrilateral brown seeds, with lustrous margins and dull 
patches on the sides, encased in sacs of endocarp. 

Pulp containing bitartrate crystals, starch cells, cork cells, stone 
cells of various sizes, broad fibers with beaded walls, and narrow fibers 
with scarcely any lumen. Palisade cells with two bulte, thick-walled 
subepiderm of spermoderm, and cotyledons with thick, beaded walls, 
staining blue with iodine, highly characteristic. 

CHEMICAL COMPOSITION. — study of r^ults by Cbace, 
Tolman, and Munson,^ Pratt and Del Posario,^ and Thompson^ shows 
that the fruit flesh is highly acid, indeed it is stated to be the most 
strongly acid of all natural food products. When immature the seeds 
are soft and edible but the flesh is deficient in acidity at this stage. 


Composition' of Tamabikd 



Hesl 

in 

fruit 

Solids,] 

total 

Solids,] 

insol. 

Pro- 

tein 

Fat 

Acids 

as 

tar- 

taric 

Sugars 

reduc- 

Sn- 

cro®e| 

Fiber] 

Ash. 

total 

Ash. 

alt* 












oc. 

C. T. and M.:| 












I 


52.53 

8.61 

1.36 


9.23 

31.00 

0.43 


1.56 

199 

II 

P. and Del E.: 

51 

64.75 


2.44 


14.24 

29.31 

1.05 




Greea 

100 

85.0 

10.1 

1.41 


3.98 

0.00 

0.00 


4.21 

559 

Eipe 

50 

82.2 

8.8 

3.00 


15.33 

40.20 

0.94 


3.16 

401 

Thompson. . . . 

48 

69.51 

17.68 

3.43 

0.85 

17.33 

18.74 

2,58 

5.61 

1.82 



* Cc. N/IQ acid per 100 grams fruit. 

Hooper® gives the following percentages of parts : pulp 55, seed 33.9, 
shell and fiber 11.1. His analyses of the whole and decorticated seed 
are given on the next page. 

Oil. Physical and Chemical Values.— The oil obtained by ether 
extraction of the seed, according to Hooper,® is semi-drying and has the 
following values; saponification number 183, iodine numk^r 87.1, fatty 

^ hue liner’s Eep. Pharm. 1S64, 13, 153. 

2 XJ. S. Dept. Agr., Bur. Chem. 1904, Bui 87. 

^ Etiilippine J. Sci. 1913, 8, 59. 

^ Hawaii Agr. Exp. Sta. Rep. 1914, p. 62. 

5 Agr. Ledger 1907, No. 2, 13. 



670 


FRUITS 


Composition of T^arind Seeds (Hooper) 



Water 

Protein 

Fat 

N-f. ext. 

Fiber 

Ash 

P 2 O 5 


% 

% 

% 

% 

% 

% 

% 

Whole 

10.50 

13.87 

4.50 

63.22 

5.36 

2.55 

0.40 

Decorticated.. . 

9.35 

18.06 

6.60 

62.88 

0.66 

2.45 

0.55 


acids 94.9 per cent melting at 46° C.j and acid number 0.84. Tbe low 
iodine number is not consistent with semi-drying properties. Kafuku, 
Hata, and Fugikawa ^ give the following values for tbe oil from seeds 
containing water 16.6, oil 3.9, and ash 2.0 per cent: specific gravity at 
20^/i° 0.9273, refractive index at 20° C. 1,4750, saponification number 
206.4, iodine number 110.7, acid number 8.4, and unsaponifiable matter 
1.70 per cent. 

Acids. — Tbe acids of tamarind attracted tbe attention of early 
investigators. Vauquelin^ reported tartaric, citric^ malic, and acetic 
acids. As in the grape, tbe principal acid, tartaric, is combined in 
considerable part as potassium bitartrate which separates in crystalline 
form. 

Sudborough and Vridbachalam,^ wbo have devised a process for 
preparing commercial tartaric acid from the tamarind, state that the 
pulp contains 12 to 14 per cent of that acid, partly free and partly 
combined. Marsden,^ by extracting tamarind pulp with water, fermen- 
tation, distillation of the alcohol, and evaporation in an autoclave, 
secured a yield of about 10 per cent of tartaric acid. Batbam and 
liigam^ found that 5 samples of fresh ripe tamarind contained 30 to 41 
per cent of reducing sugars and 9.5 to 12.76 per cent of tartaric acid, 
the higher sugar content being associated with the lower acid content. 
Unripe tamarinds contained little sugar or acid. 

Phosphorus-Organic Compounds. Phytin. — Bagaoisan^ reports 

about 0.60 per cent, dry basis, in tbe green fruit flesh. 

Mineral Constituents.— Determinations by Chace ^ of tbe mineral 
constituents in tamarinds, containing 1.56 per cent of ash, yielded on 
the ash basis the results tabulated on tbe next page. 

1 J. Cbem. Soc. Japan 1934, 56, 375. 

^Ann.chim. 1790, 6,102. 

^ J. Indian Inst. Sci. 1920, 3, 61. 

^Ibid.1923, 6, 167. 

®Ap;r. Res. Inst. Pxisa 1924, Bui. 163, 10. 

® Philippine Agr. 1932 21, 53. 

’ U. S. Dept. Agr., Bur. Chem. 1904, Bui. 87, 29. 



CABOB 


671 


CaO 

MgO 

P 2 O 5 

SO 3 

SiOj 

Sand 

Cl 

% 

% 

% 

% 

% 

% 

% 

0.(i8 

2.19 

4.99 

1.4S 

15.57 

2.88 

0.48 


CABOB 

Ceratonia siliqua L, 

Fr. Caroube. Sp. Algarroba. It. Carruba. Ger. Johannisbrot. 

The caroh tree was cultivated and highly esteemed by the Aneients. 
It is stated that the husks which the prodigal son ate were pods of the 
carob, furthermore that the locusts and wild honey on 
which John the Baptist subsisted were the seeds and 
pods of this species, hence the names St. John^s bread 
and honey locust. Throughout the Mediterranean 
regions it is today cultivated in numerous varieties as 
food for the poorer classes and cattle. Its introduction 
into Florida and California bids fair to prove a success. 

Being rich in sugars, various syrups and fermented 
liquors are prepared from infusions. 

MACBOSCOPIC STBTJCTIJRE.— The trees are 
polygamo-dioeeious. Unlike other food legumes but 
like species of Copaivc^ the flower has no corolla. The 
hermaphrodite flowers have five calyx lobes, five 
stamens, and above the latter a disk from the center 
of which arises the conical pistil with a short style 
and a shield-shaped stigma. 

The pod (Fig. 233) is chocolate-brown, lustrous, 
and varies in size and number of seeds with the Fig. 2 33 .— 

variety. Both the dorsal and ventral edges are Carob. Fruit 

grooved; the flattened sides are sunken and wrinkled. ^^nThteral^cav^ 
Each seed is in a cavity with a thin, yellow-brown, itie's X 
parchment-like lining, easily distinguished from the (A.I.W.) 
brown fruit flesh. A longitudinal section cut through 
the edges shows a row of transversely elongated cavities running on 
each side of the seed cavities. 

The seeds (Fig. 233) are obovatc, dark red or brown, lustrous, about 
9 nun. long, and so uniform that the weight of one was taken as the gold- 
smith’s unit, the carat. The hilum is a mere dot between the micropyle 
and the strophiole from which latter the raphe may be traced to the 
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chalaza at the opposite end. It requires a sharp blow to force a knife 



through the dense horny, gray-white 
endosperm which is bisected by the 
narrow yellow cotyledons. 

MICROSCOPIC STRUCTURE. 
— ^Fliickiger ^ appears to have been 
the JBrst to study the fruit. Other 
food histologists have been con- 
cerned with its detection as an adul- 
terant of coffee. 

Pericarp (Fig. 234). — The layers 
are: (1) epicarp (epi) of polygonal, 
sometimes porous, cells and sunken 
stomata (sto); (2) hypoderm {hy)j 
up to ten cells thick, with brown 
contents; (3) o'uter mesocarp, re- 
markable for the tannin bodies 

fiber groups (/^), stone cells 
(st ^), crystal cells (cr i), and bundle 
elements (pTi, xy) ; (4) mner meso- 
carp of compressed cells (p), several 
thick, stone cells and crystal 
rosette cells (cr^) ; (5) filer layer con- 
sisting of transverse fibers of the 
bast type {f^), thin-walled crystal 
fibers (cr^), and stone cell fibers 
some containing crystals; and (6) 
endocarp including thick-walled 

^ Pharmatognosie, BerKn, 1 Aufl. 1867, 
p.58S. 

Fig. 234. — ^Carob. Pericarp in cross sec- 
tion. epi epicarp -Rrith sto sunken stoma; 
hp hypoderm; cr^ crystal cell and st^ 
stone cells accompanying p bast fiber 
group; tari^ small tannin cells; ph 
phloem and xy sylem of fibre- vascular 
bundle; tan.^ large tannin cells; st^ stone 
cells; p compressed parenchyma with 
c?'2 rosette crystal; st^ stone cell fiber 
and cr^ crystal cell fiber accompanying 
p bast fibers; x porous tissue with, swol- 
len walls passing into end endocarp. 

X 160. (KJB.W.) 
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porous cells (x), several thick, and an 
inner layer, or true eadocarp (end), of 
similar cells with pores limited chiefly 
to the imier walls. 

The tannin lodies (Inklusen of Ger- 
man authors) were discovered in the 
carob hy Miickiger and have been 
studied by other authors.^ Tunmann 
concluded that they consist of a 
bassorin-like substance combined with 
a phlorogluciD-tanniB. compound. They 
occur also in the medlar and allied 
species, the seeds of the date, persim- 
mon, and species of Anom, and in the 
spermoderm of the allspice. As shown 
in Fig. 234, the tannin bodies of the 
dried carob pod have wrinkles corre- 
sponding to those of the cell walls. 
About the bundles (tan}) they are much 
smaller than in the radially elongated 
cells further inward where they reach 
the length of 500 p. (tdn^) . With ferric 
salts they become dark green or black, 
with caustic soda, especially on warm- 
ing, blue or violet, becoming finally 
brown, with safranin, a beautiful cherry 
red. 

Speimodeim (Fig. 235, S ). — Five 
well-differentiated layers are present: 
(1) palisade cells (pal), up to over 175 ju 
long and 20 /z broad, with a thin cut icle 
(cut) and light line (Z) in the outer 
quarter which is without lumen ; (2) 
snbepiderm (snh) of spool-shaped cells, 
up to 35 fi high and SO p broad, with 
much-thickened outer radial walls and 

1 Tiimnann: Apoth. Zeit. 1913, 28, 772; 
richomijow; Bot. Centralb. 1885, 21, 222; 
Hartwicli and M^inckel: Arrli. Pharm. 1904, 
242, 471; Hanausek: Pliarm. Post. 1910, p. 
1041; Haellstroem-HeLsiiiski: B. dent, pharm. 
Ges. 1910, 20, 44(5. 



Fig. 235. — Carob. Seed in cross 
section . S spermoderm ; pal pali- 
sade cells with cut cuticle and I 
light line, sub subepiclerni, 
parenchyma, fl funnel cells, br 
brown inner epiderm. N peri- 
sperm: compressed cells, h 

hyaline layer. E endosperm: ad 
alenrone cells, rc thiek-walled 
cells, parenchyma. C eotyde- 
don: aep outer epiderm, al- 
alenrone cells, iep inner epi<lorm. 
X 160. (K3.W.) 
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brown contents; (3) parenchyma of tbick-walled cells with small 
intercellular spaces and brown contents; (4) funnel cells (fl) resembling 
the subepidermal cells except in shape; and (5) inner epiderm (br) of 
thin- walled cells with brown contents. 

Beneath the hilum a double palisade layer, characteristic of legumi- 
nous seeds, is not strongly developed and a sclerenchyma group is lack- 
ing, but the spongy parenchyma cells are very thick-walled, with yellow 
contents and small intercellular spaces, and the funnel cells are rounded, 
forming a compound layer. 

Perisperm (Fig. 235, N ), — ^Although in most common legumes this 
coat is not evident, in the carob two distinct layers are present: (1) color- 
less thick-walled cells (p^), longitudinally elongated, without contents; 
and (2) hyaline layer {h), showing radial walls on treatment with 
Labarraque solution. 

Endosperm (Fig. 235, -This coat, commonly absent in legumes 
or much reduced, forms the bulk of the seed with three distinct tissues: 
(1) aleurone cells (al^) forming a single distinct row; (2) thick-walled 
cells {rc)f with reserve material partly in the cell walls, containing 
aleurone grains and brown granules; and (3) thin-walled paren- 
chyma (p^). 

Embryo (Fig. 235). — The structure of the cotyledons (C) is char- 
acterless. The walls are of medium thickness with or without distinct 
pores. Beneath the inner epiderm they are palisade-shaped. Aleurone 
grains up to about 6 u and fat are the visible contents. 

Chief Structural Characters. — ^Pod broad, grooved on both 
edges, lustrous, with rows of narrow transversely elongated cavities on 
both sides of seed cavities, latter with parchment-like lining. Seeds 
ohovate, dark brown or red, lustrous, 9 mm. long, hilum at narrow end, 
chalaza at broad end. 

Epicarp with sunken stomata; mesocarp with tannin bodies, often 
500 /i, blue with sodium hydroxide; endocarp of thick-walled porous 
cells. Palisade cells 175 ju high, outer quarter without lumen; sub- 
epidermal cells spool-shaped; parenchyma thick-walled; funnel cells 
and inner epiderm with dark contents. Perisperm present. Endo- 
sperm horny, with reserve material partly in thickened walls, forming 
bulk of seed. Cotyledons characterless. 

CHEMICAL COMPOSITION.— Both the pods and the seeds 
are valuable as food although the latter, being too hard even for 
animals to masticate, must he reduced to a powder. The chemical 
as w’ell as the physical characters of the pod and seed are quite 
different, the former being rich in sugars but poor in proteins, the 
latter poor in sugars but rich in proteins and hemicelluloses. The 
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table below has been compiled from aiial7ses made by Woll ^ and 
Jaffa and Albro : ^ 


Composition op Caiob Bean 



Sam- 

ples 

^ Water 

Pro- 

tein 

Pat 

ext. 

Sugars, 

reduc- 

ing 

Su- 

crose 

Piber 

Ash 

Woll: 



% 

% 

% 



% 


Pod and seed 


9.99 

5.26=^ 0.42 

75.57 



6.31 

2.45 

J. and A. : 










Pod and seed 










Min 


9.12 

3.26 

1.00 

26.99 

3.25 

6.39 

4.98 

1.67 

Max 


19.81 

15.22 

3.82 

43,57 

18.69 

41.56 

17.42 

3.46 

Aver 


13.28 

6.Y6 

2.17 

39.80 

11.08 

19.44 

9.29 

2.57 

Pod 

17 









Min 


3.70 

2.02 

1.22 

24.48 

3.00 

7.02 

3.14 

1.75 

Max 


24.70 

7.18 

4.02 

48.36 

20.54 

43.52 

15.31 

3.87 

Aver 


11.50 

4.60 

2.37 

36.30tl 

11.24 

23.17 

8.78 

2.72 

Seed 










Min 


8.89 

14.44 

1.83 

55.56 



6.90 

2.32 

Max 


13.63 

19.69 

3. 06 

62.54 



8.34 

3.60 

Aver 


11.74 

16.46 

2.60 

68.61 



7.50 

3.18 


* Nitrogen 0.03, albuminoid (proteia) nitrogen 0.71 per cent, t Starch 1 per ceat. 


Carbohydrates. — The analyses of Jafa and Albro given above show 
well the high content of reducing sugars and sucrose in the pod. The 
carbohydrat e material of the seeds is of a very different character, being 
largely in the swollen cell walls. Both microscopic examination and 
chemical analysis show that the seed belongs in the class with the coffee 
bean, the date stone, the ivory nut, and the persimmon seed. Bour- 
quelot and Herissey ^ found that the carbohydrates forming four-fifths 
of the seed consist chiefly of manrittn and galactaii which on hydrolysis 
pass into mannose and galactose and that on sprouting an enzyme is 
instrumental in effecting the hydrolysis, a phenomenon which Herissey ^ 
makes use of in his method of preparing mannose, A similar enzyme, 
Beminase, performs a like function in the sprouting of fenugreek and 
alfalfa seeds. 

^ Wisocmsin i\gr- Exp. Sta. Rep. 1S91 , p. 203. 

2 California Agr. Exp. Sta. Rep. 1919, Bui. 309, 441. 

3 Compt. rend, 1899, 129, 391, G14; 1900, 130, 42, 731. 

Ubid. 1901, 133, 49, 302. 
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Enzymes. — ^Wagenaax^ has studied an enzyme of the carob bean 
which, acts on urea forming ammonium carbamate. He designates this 
enzyme “ semi-urease ” for the reason that it perforins only half the 
function of an ordinary urease and does not carry the hydrolysis to 
completion with the formation of ammonia and carhon dioxide. See 
also Carbohydrates. 

Minor Mineral Constituents. Zinc - — Seedless 6.9 mg. per kilo, fresh basis 
(Bertrand and Benzon).^ 

KAMilTCHIIE 

Pithecolohium dvlce Benth. = Mimosa dulcis Boxb. = 

Inga dulcis WiUd. 

Fr. Tamarin de hlnde. 

The ornamental tree known in the Philippines as kamancbile or 
Manila tamarind is remarkable because of the spirally twisted pod and 
fleshy arils which are eaten by the natiyes. Other species yielding edible 
fruits or seeds are P. Unguiscati Benth. (tropical and subtropical 
America), P. flexicmh Coult. (southern United States and Mexico), 
and P. Saman Benth. (Mexico and northern South America). 

MACROSCOPIC STRUCTURE. — The flowers, which are borne in 
dense heads, are small, white, and pubescent. This species, as well 
as some others of the genus, has a spiral pod, often with two complete 
turns. Between the seeds the pod is constricted but not septate. Both 
dorsal and ventral sutures are flanked by ribs. 

Each seed is completely surrounded by a whitish, fleshy, much- 
convoluted aril, the whole being obovoid, 1.5 to 2 cm, long and some- 
what flattened. The seed proper is anatropous, strongly flattened, up 
to 1.5 cm. long, dark brown, lustrous throughout, with a faint circular 
ridge on each side about one-third the distance to the center. Unlike 
the seeds of coffee cassia, tamarind, and some other legumes, there is 
no noticeable difference in the surface within the ridges and on the 
edges. The hilum is elongated, about 3 mm. long, and is located in 
the narrow end of the seed which lies in the axis of the pod. Aril and 
seed are borne on a funiculus about 1 cm. long which follows along the 
edge to the hilum. The spermoderm is readily removed from the seed, 
disclosing the bulky cotyledons and short straight radicle. Neither 
endosperm nor perisperm is present. 

MICROSCOPIC STRUCTURE.— The Pericaip tissues are (1) 
epicarp of rounded cells with thick headed walls, stomata, and occa- 

^ Pharm. Weekbl. 1025, 62, 397. 

2 Bui. soe. hyg. aliment. 1928, 16, 457. 
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sional unicellular, blunlrpomted, warty hairs, up to 200 ji or over long, 
with narrow lumen; (2) jiarenchyma with fibro- vascular bundles forming 
the bulk of the pod; (3) filers with thick walls, longitudinally arranged, 
forming several rows; (4) elorigoied 'parem'hyrna forming a single layer; 
and (5) endocarp of polygonal, beaded cells. 

Aril. — The tissues consist of rounded, thin-walled, characterless 
cells containing a small number of starch grains up to 10 fx, some in 
small aggregates. 

Spermoderm. — The tissues, all of a brown color, are (1) palisade 
cells up to 70 jtx high and 14 /t broad, the outer portion (about one- 
quarter) hemg of different structure from the remainder; (2) sulepiderm 
of thick-walled, spool-shaped cells up to 15 {m high and 30 ju broad ; and 
(3) parenchyma, with thick walls, forming a number of rows without 
differentiation into an mner epiderm. 

Embryo. — The cells of the cotyledon are rounded, more or less 
isodiametric. They contain a small amount of starch, the grains, up 
to 6 IX, being entangled in a protein network. 

Chief StructtjeaIi Chara.cters. — Pod spiral, constricted but not 
septate. Aril fleshy; seed brown, flattened, with hilum in axis of pod, 
borne on long funiculus. 

Epicarp hairs warty, unicellular, blunt-pointed; third layer of peri- 
carp of fibers in several rows. Aril of rounded, thin-walled cells con- 
taining starch up to 10 jx. Palisade cells up to 70 y. high and 14 n 
broad, the outer quarter being of different structure from the inner; 
subepidermal cells spool-shaped, 15 // high and 30 ju broad. Cotyledon 
of rounded cells containing small starch grains in protein network. 

CHEMICAL COMPOSITION.— An analysis by Adriano/ of the 
edible portion (aril) constituting 52.53 per cent of the whole pod, follows: 
water 78.28, protein 2.47, fat 0.34, nitrogen-free extract 17.14, fiber 
1.30, and ash 0.47 per cent. 

Fatty Oil of Seed. — Kesava-Menon ^ obtained from the large black 
seeds 18.22 per cent of yellowish oil with the following values: refrac- 
tive index at 25® C. 14720; solidifying point 15® C.; saponification 
number 205.9; iodine number 56.6; Reichert-Meissl number 8.4; 
fatty acids 87.6 per cent, melting point 44,7® C., saponification number 
198.7, iodine number 57.6, mean molecular weight 282.2; and unsaponi- 
fiable matter 1.17 per cent. 

^ Pbilippine Agr. 1925, 14, 57. 

2 J. Soc. Chem. Ind. 1910, 29, 1428- 



FRUITS OF THE OXALIS FAMILY 

(Oxalidacese) 

Caeambola and bilimbi, the two species yielding fruit edible in their 
entirety when green, belong in the same genus and differ little in struc- 
ture. 

COMPARATIYE MACROSCOPIC STRUCTURE.—The fruits are 
five-loculed and distinctly (carambola) or indistinctly (bilimbi) five- 
angled. Spermoderm and cotyledons are thin, endosperm bulky. 

COMPARATIVE MICROSCOPIC STRDCTURE.—Giant cells of 
the mesocarp often separated by chains of small cells, also crossing 
fibers of the endocarp are conspicuous. Aleurone grains are the visible 
contents of the endosperm. 

COMPARATIVE CHEMICAL COMPOSITIOIf.— The acidity is 
stated to be due to oxalic acid. This acid is unquestionably present as 
oxalates, some of which may be soluble in water, but judgment on the 
nature of the free acid should be reserved awaiting further study. 

CARAMBOLA 

Averrhod Carambola L. 

Fr. Carambole. Sp. Carombola. Ger. Karamhola. 

Whether a native of Malaysia, as seems probable, or of tropical 
America, as some have believed, the tree yielding this fruit is now 
grown in both regions as well as in China, India, and Hawaii. In the 
Philippines, according to Pratt and Del Rosario, it is known as bilimbi, 
Ulinhin, and halimbing, and in Guam, according to Safford, as hilim- 
hines, names which belong more appropriately to A. Bilimbi L. 

The fruit is eaten to some extent uncooked when ripe, but is com- 
monly preserved or pickled when green. Chinese mixed pickles, tinned 
at Hongkong, often contain the green but nearly if not quite full-sized 
fruit. Roth carambola and bilimbi serve to remove iron and ink stains 
and to clean brass. 

MACROSCOPIC STRIFCTITRE.^ — As in the bilimbi, thQ flowers are 
purplish red, normally with five sepals, petals, perfect stamens, abortive 
stamens, and ovary cells. When ripe the fruit (Fig. 236) varies up to 
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12 cm. in length and has as many angled ribs as there are locales, the 
cross section being star-shaped. The are anatropons, about 1 
cm. long, brown, flattened, and pointed at both ends, two occurring 
in each locale. A thin spermoderm encloses a bulky endosperm 
embedded in which is the straight central embryo with broad, thin 
cotyledons. A small caruncle occurs at the base of the seed. 

MICROSCOPIC STRUCTURE. Pericap (Fig. 237).— The tissues 
are (1) epicarp {epi) of isodiametric cells with marked dmsion into 
daughter cells, each containing a single small oxalate crystal (cr), also 
numerous stomata {sto } ; (2) hypoderm (hy) with several rows of small 
cells containing chlorophyl grains; (3) outer mesocarp consisting of 
giant cells (g), up to 1 mm. in diameter, separated by chains of smaller 
cells (mes ) , and delicate fibre- vascular bundles, accompanied by crystal- 
bearing cells; (4) inner mesocarp (p) of spongy 
parenchyma; and (5) endocarp (end) of crossing 
sclerenchyma fibers interspersed with occasional cells 
containing single crystals. 

Spermoderm (Fig. 238, S ). — ^When mature and 
usually at the stage used for pickling, the following 
layers are evident: (1) outer epiderm (aep) of color- 
less, radially elongated cells with thin walls excepting 
the outer which is very thick and shows mucilaginous 
striations; (2) spongy parenchymn (p) farming a 
broad hand ; (3) palisade cells {pal) with deep brown 
walls, the lumen being evident only at the outer end ; 

(4) reticulated cells (ret), longitudinally elongated, also 
with brown walls and, as seen in surface view, di- 
agonal thickenings ; and (5) inner epiderm (iep) of 
collapsed, brown, thin-walled cells sometimes two 
thick. 

Endosperm (Fig. 238, E ), — The usually isodia- 
metric cells contain small aleurone grains, some of the larger ones with 
evident crystalloids. 

Embiyo.^ — The cells of the cotyledons (Fig. 238, C) are thinner-walled 
and the aleurone grains contained in them smaller even than those of 
the endosperm. 

Chief Structxjhal Chahactees. — Fruit five-angled, five-lociiled. 
Seeds brown, flattened, pointed at both ends; spermoderm and cotyle- 
dons thin; endosperm bulky. 

Mesocarp with giant cells and chains of smaller cells; endocarp 
with crossing fibers. Outer epiderm of spermoderm of radially elongated 
cells with thick outer walls; third layer of palisade cells with visible 



Fig. 236. — Caram- 
bola. Fruit, X Va- 
Seed, whole, X 1; 
in cross section, 
X 2. (AX.W.) 
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lumens only in outer ends; fourtt layer of diagonally reticulated cells. 
Endosperm and cotyledons contain small aleurone grains. 

CHEMICAL COMPOSITIOIT.— Analyses Kave been made by Pratt 
and Del Eosario ^ and by Adriano ^ of samples of carambola (balimbing) 

, grown in the Philippines and by Thompson ^ of samples designated sweet 
and sour grown in Hawaii. Pratt and Del Rosario^ and Adriano, 
Monahan, and Barros ^ analyzed bilimbi fruit from the Philippines. 
Both fruits were green and edible without waste, Pratt and Del 



Fig. 237. Fia. 238. 


Fia. 237. — Carambola,. Pericarp in cross section, epi epicarp with sto stoma; 
cr crystal; hy liypoderm; mes outer mesocarp with chain of cells between g giant 
cells; p spongy parenchyma; end endocarp. X 160. (K.B.'W.) 

Fig. 238. — Carambola. Seed in cross section. S spermoderm: aep outer epi- 
derm, p spongy parenchyma, pal palisade cells, ret reticulated cells, iep inner 
epiderm. E outer endosperm with aleurone grains. C cotyledon. X 160. 

(K.B.W.) 

Rosario state that the strong acidity of both fruits is due to omlic add 
and that these fruits are the only ones containing that acid; the acidity 
is accordingly here giyen in terms of oxalic acid although with some 
misgiyings. Accepting the result given for bilimbi^ which is on the 
assumption that all the acid is oxalic in the free form, about 250 

^ Philippine J. Sci. 1913, 8, 59. 

2 Philippine Agr. 1925, 14, 57. 

3 Hawaii Agr. Exp. Sta. Rep. 1914, p. 62. 

4 Philippine Agr. 1929, 18, 119. 
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grams of tke fruit would contain a lethal dose, namely 4 grams. A 
similar case is that of rhubarb stalks and leases. 


Composition of C.arahbolj^ ai^d Bilimbi Bruits 



Weight 

Solids, 

total 

Solids, 
in sol. 

Pro- 

tein 

Bat 

Acids 

as 

oxalic 

Sugars , 
reduc- 
ing 

Su- 

crose 

Fiber 

Ash, 

total 

Ash, 

alk.* 

Carambola; 

Philippine 

S- 

% 

% 

% 

% 

% 


% 

% 

% 

cc. 

P. and Del B. 

33 

9.4 

2.6 

O.S4 

.... 

0.31 

2.64 

0.00 


0.51 

47 

Adriano 

Hawaiian 


6,09 


0.24 

0.74 


.... 

.... 

0.61 

0.42 


Sweetf 


8.22 

3.13 

0.72 

0.76 

1.01 

3.40 

0.00 

1.24 

0.42 


Sourf 

BiliBibi : 

Philippine 

* ‘ 

8.69 

2.84 

.... 

0.31 

0.40 

5.25 

0.16 

0.99 

0.41 


P. and Del B. 

16 

5.3 

1.6 

0.61 


1-55 

2.21 

0.00 


0.41 

30 

A. M. and B. 


5.14 


0.68 

1.39 




0.61 

0.36 



* Cc. JV/IO acid per 100 grams fruit, t Names are not in accord with the analysis. 


BILIMBI 

Averrhoa Bilimhi L. 

Fr. Balimba. Oer. Blimbing. 

In the Philippines this fruit is known as camias. Like the caramhola, 
it is strongly acid and is much used for pickles and preserves. 

MACROSCOPIC STRXJCT1PRE . — Flower and jmit resemble those 
of carambola but the perfect stamens number ten and the fruit is 
smaller, cucumber-shaped, with five indistinct rounded angles. 

MICROSCOPIC STRUCTURE.— Long (up to 400 ju), thick-walled 
hairs occur on the epicary. Otherwise the Pericarp resembles that of 
carambola. 

The cells of the Spermodenn, at the immature stage of the specimens 
examined, lack marked radial elongation in the outer epiderrn and the 
third layer; each cell of the latter, however, contains a small single 
crystal. Possibly at a more mature stage the structure agrees more 
closely with that of carambola. 

Endosperm and Embryo. — As in caramhola. 

CHEMICAL COMPOSITION.— See Carambola. 



FRUITS OF THE RUE FAMILY 

[Rutaces^) 

The citrons fruits and one other species, the white sapota, represent 
this family. 

CITROUS FRUITS 

All of the species described herewith belong to the genus Citrus 
except the kumquats, which are now classed under Fortunella. 

COMPARATIVE MACROSCOPIC STRUCTURE.— The fruit is a 
type of berry known as hesperidium. Each consists of (1) rind (epicarp, 
hypoderm, and most of the mesocarp) and (2) segments (inner mesocarp, 
endocarp with vesicles, and seeds). 

Pericarp. — The e'picav'p varies from orange-red in the tangerine to 
yellow in the lemon and grapefruit and green-yellow in the lime. In 
the blood orange it is suffused with blotches of cherry red, Hypoderm 
and juice in the vesicles conform more or less closely in color to that 
of the epicarp. Small round elevations (about 1 mm.) on the epicarp 
occur over the oil cavities. On drying, these become depressions. 

Beneath the hypoderm in the outer mesocarp is the zone of volatile 
oil cavities which are visible to the naked eye in sections. The greater 
part of the rind is 8'pongy tiss'ue of the mesocarp. In the king orange, 
the tangerine, and the mandarin the segments are loosely attached to 
each other and to the rind and a marked axial cavity is present; in the 
other fruits all the parts are closely united and there is no marked axial 
cavity although the rind, especially of the orange, may he removed 
with more or less ease, the splitting taking place through the inner 
mesocarp. 

The transparent membrane on all sides of the detached segments 
consists of inner mesocarp and endocarp. Attached to the inner surface 
of the latter by threads are the vesicles which, although having the 
appearance of sacs, consist of cellular tissues. 

The seeds (if present) are borne on the central axis. They are irregu- 
larly spindle-shaped, often beaked, with a slimy, leathery, cream- 
colored Older spermoderm readily separating from the inner sperrnoderm 
which is brown in most fruits except the king orange, tangerine, and 
mandarin where it may be green. The perisperm is reduced to a mere 
membrane and the endosperm to a thin coat. Often the seeds are poly- 
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embryonic, the number of embryos reaching as high as eight. The 
fleshy cotyledons are white except in the king orange, tangerine, man- 
darin, and kumquat, where they are green. 

COMPARATIVE MICROSCOPIC STRUCTURE. Pericarp.— In all 
the species, the cell structure, except that of the vesicles, is practically 
the same as are also the cell contents except the color of the chrornato- 
phores and jvice of the epicarp, hypoderm, and vesicles which varies 
from yellow to orange-red. In blood-colored fruits the red color is in 
solution. 

The cells of the epicarp and hypoderm are polygonal, the former 
being interspersed with raised stomata. Oval lysigenic volatile oil 
cavities occur in a zone of the outer mesocarp. Many of the mesocarp 
cells about the oil cavities contain single crystals of calcium oxalate and 
some of them rosettes of needle-shaped crystals of hesperidin. Spongy 
parenchyma with fibro-vascular bundles forms the white mesocarp 
tissue through the inner part of which the rind separates. Transversely 
elongated cells or cross cells and small crystal cells adjoin the endocary, 
which also consists of transversely elongated cells. 

The vesicles have an epiderm of longitudinally elongated cells, some 
of which in the lemon, the lime, and the grapefruit have sclerenchy- 
matized and strongly porous walls. Immediately beneath the epiderm 
the cells are transversely elongated; further inward they are mostly 
isodiametric, some containing single crystals of calcium oxalate. 

Cytological studies by Dufrenoy ^ show that natural coloring of the 
fruit is concomitant with the translocation of starch from chloroplasts 
in cells of the three upper layers of the peel. As the starch disappears, 
fat bodies develop in the chloroplasts and the orange pigment goes into 
solution in the fat bodies inside the chloroplasts. 

Spermoderm. — The layers are (1) outer epiderm of beaked cells, 
(2) parenchyma, (3) layer with crystal cells, and (4) inner epiderm of 
brown or greenish, longitudinally elongated cells. 

The cells of the outer epiderm are flattened in planes radiating from 
the axis of the seed, hence in cross section they appear to be radially 
elongated and in surface view longitudinally elongated. The radial 
walls are sclerenchymatized and porous, ending in beaks which extend 
into the thick mucilaginous part of the outer walls. The fruits fall into 
four groups according to the nature of these cells as follows: 

Group ]* — Beaks long, present only at ends of cells; cells up to 400 ^ in radial 
diameter; double walls narrower than lumen. Common and hitter orang;o, king 
orange, mandarin, taiij^terine. 

Group 2. — Beaks numerous, short, uniform in length, in lime somewhat longer at 
U. Agr. Res. 1929, 38, 411. 
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ends of cell, cells up to 250 ju in radial diameter; doiiHe walls broader than lumen. 
Lemon, lime. 

Group 3. — Intermediate between 1 and 2. End beaks very long, occasional short 
beaks between end ones; ratio of walls to lumen variable. Grapefruit. 

Group 4. — Beaks along whole length of cell; long, branching, jagged, double 
walls usually broader than lumen. Kumquat. 

Perisperm. — A. thin zone of collapsed cells. 

Endospeim. — double or triple layer of aleuione cells with an 
inner zone of collapsed cells. 

Embryo. — ^The contents are small aleurone grains with globoids. 

COMPARATIVE CHEMICAL COMPOSITION.— Although in most 
fruits reducing sugars exceed serose, in citrous fruits the sucrose often 
equals or exceeds the reducing sugar. A still more remarkable ratio 
is that of acids to total sugars. Some fruits such as the lemon and lime 
are characterized not merely by high acidity but also low sugar content, 
whereas the reverse is true of sweet fruits including the sweet orange 
and lemon. In other words, high acidity and high sugar content or 
low acidity and low sugar content do not occur, so far as observed, in 
the same fruit. 

It is commonly assumed that the acid of all citrous fruits is citric 
acid, but there is evidence that a small amount of malic acid is also 
present. 

The outer rind yields volatile oil (See Volume III) and the white 
rind or albedo is a promising source of pectin. 

Naringin occurs in the grapefruit and hesperidin in other species, 
the location of both glucosides, according to Trauh, Gaddum, Camp, 
and Stahl, ^ being chiefly in the boner peel, veins, and walls of the locules. 
The bitter taste that develops in the juice on aging is attributed to 
glucosides formed by the action of enzymes. 

Odorous constituents of the juice are considered under Orange. 

Rounded orange chromatophores occur in the orange and tangerine. 
The color of the grapefruit suggests a preponderance of xanthophyl or 
the absence of carotene. 


ORANGE 

Citrtis sinensis Osbeck — C. Aurantium var. sinensis Engl. = 

C. Aumnti'am Risso. 

Fr. Orange douce. Sp. China. It. Arancio dolce. Ger. Apfelsine. 

The common orange appears to have originated in southeastern 
Asia and although formerly considered a variety of the bitter orange 
^ Plant Physiol. 1933, 8, 35. 
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(C. Anrantium L.) is now classed as a separate species. Since ancient 
times the orange has been one of the principal fruits of the Mediter- 
ranean region, India, and China, In England, Germany, and other 
temperate connthes, before the days of rapid transportation, oranges 
were grown under glass. In Florida succession is secured by cultiva- 
tion of several varieties supplying the northern market with fruit until 
late Winter or Spring when the Washington navel orange, a seedless 
variety originated in Brazil, which is not suited to conditions in Florida, 
is shipped from California in large quantities. According to Bhamel,^ 
this latter variety is seedless because the flowers produce no pollen. 
Of the numerous other varieties mention may be made of the Valencia 
Late, introduced into both Florida and California from the Azores. 

‘ Surplus fruit and culs are now used at or near the producing cen- 
ters for the manufacture of orange juice, marmalade (the bitter 
orange is preferred), candied peel, and orange oil. Orange juice 
shipped frozen in small parafSn paper containers provides the con- 
sumer with a convenient and economical substitute for the freshly 
pressed juice. 

MACROSCOPIC STRUCTURE. — Orange flowers are sweet scented 
with inconspicuous calyx, five white petals, numerous stamens in 
groups more or less united at the base, and six- to thirteen-celled ovary 
borne on a disk and surmounted by a style about the length of the 
stamens. 

Thejmit consists of (1) a thick rind with an orange-colored epicarp 
and hypoderm and a white spongy mesocarp and (2) a variable number 
of segments, loosely united with each other and the rind, filled with 
club-shaped juicy vesicles (emergences), borne on the inner surface of 
the thin outer skin (endocarp), and the seeds. On the surface are 
numerous rounded elevations, about 1 mm. in diameter, beneath which 
are the volatile oil cavities. 

The anatropous seeds are borne on the central placentas. They are 
slimy, veined, more or less beaked and flattened, with the raphe in a 
keel-like edge. The outer white, leathery spermoderm readily separates 
from a thinner light buff inner coat consisting of inner spermoderm 
united with perisperm and endosperm. The seed is often polyembryonic, 
containing as many as eight embryos, some of which are much reduced 
in size and are not capable of sprouting. 

Navel oranges are seedless and have a second small fruit at the end, 
usually partly protruding from within the rind of the main fruit, also 
sometimes the segments of a third fruit in the center. In the blood 
orange the vesicles and often the rind are suffused with red. 

1 Cal. Citrogr. 1918, 3, 204. 
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MICROSCOPIC STRUCTURE.— Hanauseki was a pioneer in the 
study of the orange and lemon. Studies of the immature orange reported 
by pharmacognocists are not adequate for the understanding of the 
ripe fruit. 

Pericarp (Figs. 239, 240, 241, and 242).— Six layers are present, 

the outer three and most of the fourth 
"being in the rind, as follows: (1) epz- 
mrp (epi) of small, polygonal cells and 
stomata; (2) hypoderm (%) of small 
polygonal cells, some with oxalate crys- 
tals (cr); (3) oil cavity zone (ol), the 
ground tissue consisting of large, porous, 
thick-walled cells, some of which contain 
a rosette of needle-shaped hesperidin 
crystals (he), and smaller cells with the 
wall on one side much thickened and 
clasping an oxalate crystal; (4) spongy 
parenchyma (mes, mes^), forming the 
bulk of the rind and the loose tissue 
about the segments, through which run 
hbro-wascular bundles; (5) cross cells 


IiG. 239. Fig. 240. 

Fig. 239.— Ornuge. Outer rind in cross section, epi epicarp with stoma; hy 
hypoderm; cr oxalate crystals; mes outer mesocarp with ol oil cavity; he hes- 
peridin crystals; fv hbro-Tascular bundle. X 160, (K.B.W.) 

Fig. 240. — Orange Elements of rind in surface view, epi epicarp with stoma 
and cells containing chromatophores ; sp spiral, ret reticulated, and pi pitted 
vessels; mes outer spongy mesocarp; cr oxalate crystals. X 160. (K.B.W.) 

{mes-), with thick porous walls, interspersed with small crystal cells; 
and (6) endocarp {end) of elongated cells similar to the last but with 
thinner, occasionally sclerenchymatized walls, from among which spring 
the vesicles. 

Orange chromatophores occur in both epicarp and hypoderm. 

1 Nahr.-Genussm. Kassel, 1884, p. 192. 
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Lysigenic volatile oil cavities are characteristic of the rind. They 
are oval, up to 1 mm. in diameter, and as seen in cross section (Fig. 
239, ol) are lined by the thin-walled secretion cells. About the 
caTities the ground tissue cells of the outer mesoearp are concentrically 
arranged. 

Tnnmann,^ also Tschirch and Oesterle,^ found that hesj}€ridin is 
formed early in the development of the fruit. Hall ^ has shovn that 
the crystals on the endocarp of frozen oranges are hesperidin and also 
finds evidence in the endocarp of other related substances both free 
and in combination with glucose. 

The Jibro-vasc'ular hnndles (Fig. 240) contain spiral (sj)), reticulated 
(ret), and pitted (pi) vessels and crystal fibers. 

The vesicles (Fig. 242), distended with juice, are the only part of 
the fruit of appreciable value as food. Each is an emergence, not a 
sac, made up of numerous cells forming a club- or spindle-shaped body 



Fig. 241. a. 242. 

Fig. 241.— Orange. Elements of skin about edible pulp in surface view, mes^ 
spongy mesoearp ; mes^ porous inner mesoearp aad crystal cells ; end endocarp ; 

t cells from tip of abortive vesicle. X 160. (K.B.W.) 

Fig. 242. — Orange. Elements of large vesicle in surface view, cp epiderm; 
outer parenchyma; loose parenchyma showing chroinatophores and crystals. 

XBO. (KJB.W.) 

on a thread-like stem. This stem is long or short, accommodating itself 
to the space between surrounding vesicles. The cells are in three zones : 

(1) epiderm {ep) of cells elongated in the direction of the axis over the 
body and stein but isodiametric and with sinuous walls at the apex, 

(2) suhepiderm (p^) of large transverselyeiongated cells, and (3) central 
parenchyma (p^) of large, rounded, thin-walled cells interspersed with 
smaller isodiametric cells containing single oxalate crystals. All three 

* Pflanzenmikrochemic, Berlin, 1913. 

2 Anat. Atlas, Leipzig, 1900, p. 302. 

^ J. Amer. Chem. Soe.1925, 47, 1191. 
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Muds of cells contain duomatophores, and none, as in grapefruit and 
lemon, has sclerenchymatisied walls. 

Strikingly different are the ahortiye 76810168 which consist of a head 
of rounded cells, with thickened and, at the tip, occasionally scleren- 
chymatized and porous walls, on a very short stalk. 

Spermoderm (Tig. 243, S; Tig. 244).”“There are four layers: (1) 
outer epiderm (aep) of narrow, longitudinally and radially elongated, 
porous cells with thickened mucilaginous outer walls in which the 
sclerenchymatized radial walls end as beaks; (2) parenchyma (p) of 



Fig. 243. Tig. 244. 


Tig, 243,— Citrous Fruits. Seeds m cross section. I Orange, S spermoderm: 
aep outer epiderm with mm mucilaginous outer wall, p parenchyma, cr crystal 
layer, iep inner epiderm. N' perisperni. T endosperm: aP aleurone cells. C 
cotyledon: ep outer epiderm, alcnrone grains. II Lemon, Outer epiderm of 
spermoderm. Ill Grapefruit. Outer epiderm of spermoderm. X 16(). (K.B.W.) 
Fig. 244,— Orange. Elements of seed in surface view. Spermoderm: aep"^ outer 
and aep^ inner wall of outer epiderm, cr crystal layer, iep inner epiderm. Endo- 
sperm: oZi aleurone cells. Cotyledon: ep outer epiderm. X 160. (K.B.W.) 

thin-walled, indistinctly porous, collapsed cells; (3) crystal cells {cr), 
interspersed with empty cells, forming a single layer; and (4) inner 
epiderm (iep) of longitudinally elongated, cutieulari 2 ed, thin-walled 
cells with brown contents. 

The ovter epiderm in cross section is palisade-like, the scleienchyma- 
tized portion varying up to 400 p in height (shorter in lemon and 
grapefruit) with lumen broader (in grapefruit often and in lemon and 
kumquat usually narrower) than the beaded radial walls. The mucilag- 
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Composition op Oeajtges feom Paubnt Tbee and Offspring (Chacb and Church) 



Whole Fruit 

Flesh, 

insol. 

solids 

Juice 

Sp. gr. 

Peel 

Oil 

Soluble 

solids 

Sugars 

Acid 

Soluble 

solids: 

acid 



% 

% 

% 

% 

% 

% 

Ratio 

Washington: 









Parent 

0.911 

31.1 

0.70 

3.15 

14.05 

10.36 

1.02 

14.0 

Offspring 

0.892 

34.0 

0.60 

2.72 

12.84 

9.14 

1.09 

12.2 

Thomson: 









Parent 

0.903 

30.1 

0.3S 

3.51 

14.27 

10.98 

0.83 

17.5 

Offspring .... 

0.889 

33.7 

0.31 

2.93 

13.29 

9.71 

0.92 

14.8 


Changes in Composition during Ripening and Storage. — In experi- 
ments by Bigelow and Gore,^ storage at room temperature resulted in 
a slight loss of acid and total sugars but a marked increase of reducing 
sugars at the expense of sucrose. The losses were due to respiration. 
The marc remained practically unchanged. Scurti and de Plato ^ 
examined three types of Italian oranges, s'weet (dnlci)^ common (com- 
mnni)f and bitter {amari), at intervals of two weeks beginning November 
16 and ending June 1 . Only the results at the begmning and the end 
of the experiment are given below: 



Solids 

Total 

N'itrogen 

Lead- 

tannin 

precipitate 

Lead- 

tannin 

filtrate 

Acids as 
citric 

Sugars, 

reducing 

Su- 

crose 

Aflh 


% 

% 

% 

% 

% 

% 

% 

% 

Sweet: 









Green. . . 

9.79 

0.1008 

0.0518 

0.0490 

0.11 

6.13 

0.57 

0.42 

Ripened . 

10.66 

0.0705 

0.0259 

0.0446 

0,15 

7.95 

1.05 

0.36 

Common : 









Green. . . 

8.66 

0.0812 

0.0345 

0.0467 

2.14 

2.38 

2.76 

0.41 

Ripened . 

10.35 

0.0706 

0.0218 

0.0488 

1.95 

3.33 

3.13 

0.34 

Bitter: 









Green. . . 

11.14 

0.1090 

0.0628 

0.0462 

6.16 

1.56 

0.94 

0.40 

Ripened . 

11.48 

0.0641 

0.0199 

0.0445 

5.64 

2.93 

2.25 

0.37 


^Loc. eit. 


Staz. sper. agr. ital. 1908, 41, 433, 
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Respiration. — Gore/ working with 3 samples of Yalencia oranges 
“^rioted a maximum evolution of 23 mg. of carbon dioxide per kilo per 
hour at 29.3° C. and a minimuin of 2 mg. at 1.7° C. 

Effects of Freezing on Composition. — In experiments, conducted by 
Young 2 after the freeze of January 1913 in Southern California, part 
of the frozen and unfrozen fruit was kept in storage and part picks 
was left on the tree, analyses being made in both cases at intervals. 
The amount of juice extracted showed a large loss of water from the 
frozen fruit and analyses showed relatively greater losses of sugars and 
acid, causing a decrease in specific gravity of both fruit and juice. 
Average analyses of the juice appear in the following table : 



i 

Sp. gr. 

Citric acid 

Sugars, total 

Invert sugar 

Sucrose 



fo 

% 

% 

% 

Stored; 






Unfrozen 

1.052 

1.49 

9.06 

4.62 

\ 4.44 

Frozen 

1.046 

1.35 

7.42 

3.60 

3.82 

Picks ; 





i 

Unfrozen 

1.051 

1.45 

9.03 

4.12 

i 4.90 

Frozen 

1.045 

1.38 

7.44 

3.67 

3.79 


Milliken, Tylor, Bonns, and Webber ^ state that the specific gravity 
of good fruit increases during storage while that of frozen fruit decreases. 
Small white spots consisting of hesperidin crystals appear in the pulp 
5 to 10 days after freezing. In the same bulletin Thomas, Young, and 
Smith note that the specific gravity of the juice of frozen fruit was 
lower than that of unfrozen and that the total sugars of size 150, con- 
taining about 6.5 grams, decreased about 2.0 grams without change of 
the relative amounts of invert sugar and sucrose. The acid of frozen 
fruit suffered a progressive loss until practically none remained. 

Nitrogenous Constituents. — As showm in a foregoing table, the 
nitrogen in the precipitate formed by lead subacetate and tannin de- 
creases while the nitrogen in the filtrate remains practically constant. 

Proteins of Seed. — Saunders ^ extracted from orange seeds, by solu- 
tions of various alkali halides, crystalline globulin preparations con- 
taining 16.8 to 17.1 per cent of nitrogen which are believed to be the 
same protein. Carpenter and Lovelace ^ measured the electrophoretic 

1 U. S. Dept. Agr., Bur. Chem. 1911, Bui. 142. 

2 J. Iiid. Eng. Chem. 1915, 7, 1038. 

3 California Agr. Exp. Sta. 1919, Bui. 304, 245. 

‘ J. Am. Chem. Soc. 1931, 63 , 696. 

^ Ibid. 1933, 66, 3733. 
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velocity of orange seed globulin in citrate and phosphate buffer solutions 
in the pH range of 1.5 to 7.8 and calculated the electric charge on the 
particles. The isoelectric point is given as pH 5.23 or (7 h 5.9 X 10“^. 

Volatile Oil. — Hood^ made determinations in several varieties of 
Florida oranges after separation of the peel from the pulp and dis- 
tillation of the former with steam, kt maturity be found 0.15 to 0.53 
per cent of volatile oil calculated to the fruit. At various periods up 
to one and one-half months prior to maturity he found somewhat 
smaller amounts. Wilson and Young in the determination of volatile 
oil by the steam distillation method, measuring the oil of the distillate 
in the graduated necb of a special bottle^ found that higher results 
were obtained when the whole fruit was used than when the pulp 
was separated from the peel and rejected. In Valencia oranges they 
report 0.70 to 1.29 per cent of volatile oil. 

Chemical end Physical Values of the oil are given in Volume III. 

Fatty Oil of Seed. — Physical and Chemical Values by Meyer, ^ 
Diedrichs,^ Serger,^ and Kohayashi ® appear in the table below : 


Values of Oeantge Seed Oil 



Sp.gr. 
15° C. 

Eef. 
index 
25° a 

Sapon. 

No. 

lodiae 

No. 

Reieheit- 

Meissl 

No. 

Polen- 

ske 

No. 

Heliner 

No. 

1 

Fatty 

acids, 

titer 

Acids 

as 

oleic 









°C. 

% 

Meyer .... 

0.923 


1 229.0 

104.0 

.... 


95.0 

35.0 


Diedrichs.. 

0.9261 

1.4643 

196.4 

97.3 

0.71 

0.40 

95.6 

34.3 

0.81 

Serger 

0. 9263 


197.0 

87.5 






Koboyashi: 








I 

0. 9200 

1.4702 

192.7 

105.3* 





0.90 

II 

0. 9223 

1.4712 

193.4 

113.0* 



] 


1.05 

Ill 

0. 9221 

1.4702 

195.1 

100.4* 





4.97 


* Wija. 


Acids. — Scurti ^ states that the acidity is due to citric and malic 
acids and that it diminishes up to a certain point during ripening. A 
number of other authors who have made special studies of the acids 
in fruits appear to have neglected the orange. Numerous figures on 
acidity appear in the foregoing tables. 

1 J. Ind. Eng. Chem. 1916, 8, 709. 

2 Ibid. 1917, 9, 959. 

sChem.Ztg. 1003,27,958. 

^Z. Unters. Nahr.-Geiiussm. 1914, 27, 132. 

®Lo 0 . cit. 

®Loc. cit. 

^Staz. sper. agr. ital. 1908, 41, 456. 
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Carbohydrates. — Scurti asiid de Plato ^ found tliat both invert sugar 
and sucrose increase during ripening but in sour oranges the percentage 
of both is much less than in sweet oranges. Data on the amounts of 
reducing sugars and sucrose present in oranges of different varieties 
and at different stages of maturity appear in foregoing tables. 

Bartholomew, Sinclair, and Eaby^ found that granulation of the 
juice in the vesicles causes a reduction in total sugars to 52 per cent 
and of reducing sugars to 67 per cent of that in healthy vesicles. Spray- 
ing the trees with lime water is recommended as a remedy. 

Pectins. — See also Introduction, Apple, and Sugar Beet. 

Harley^ from dried albedo (white of peel) extracted over 11 per 
cent of crude pectin in the form of a white powder soluble in water, 
with the specific rotation -f 176.6°, and jdelding galactan and 
arahinose on hydrolysis. From the fresh rind of the bitter orange 
Charpentier*^ extracted 10.5 per cent of pectins, with the specific 
rotation +170.5°, coagulating with pectase, and yielding on hydroly- 
sis mucic acid, galactose, and arahinose. Ehrlich and Kosmahly ^ 
conclude that the pectic substance of orange peel consists of 2 acetyl, 
1 arahinose, 1 galactose, 2 methyl, and 4 galacturonic acid groups and 
accordingly is diacetyl-arabino-galacto-dimethyl-tetragalacturonic acid, 
the formula being C 41 H 60 O 36 . As in the case of the pectin of the sugar 
beet, by mild hydrolysis with 5 per cent hydrochloric acid the tetra- 
galaeturonic acid complexes may be split off. 

Abbott ^ prepares pectin as a gray-white powder, from the peel of 
citrous fruits by extracting with hot alcohol, drying the residue m vacuo 
at 60° C., treatment with 0.4 to 0.5 per cent citric acid at 90° C. for 
one hour, and finally precipitating the pectin with alcohol. 

From citrous albedo Myers and Baber ^ extracted by treatment at 
temperatures ranging from 40° C. to boiling, a series of pectins yielding 
acetic acid 2.19 to 5.3, methyl alcohol 7.83 to 12.75, and galacturonic 
acid 87.2 to 95.18 per cent. Only the galacturonic acid remains approxi- 
mately constant at the higher temperatures of hydrolysis. They regard 
unhydrolyzed pectin as containing 2 acetyl, 1 arahinose, 1 galactose, 

7 methyl, and 8 galacturonic groups with the formula CzoHgsOss. 
Although the jellying power is dependent on the degree of polymerimtion 


^ Loc. cit. 

2 Calif. Citrograpli 1934, 19, 88, 105, 108. 

3 pharm. chim. 1912, 5 , 344. 

^ Bui. soc. chim. biol. 1924, 6, 142. 

5 Biochem. Z. 1929, 212, 162. 

® Florida Agr. Exp. Sta. Eep. 1929, p. 60. 

^Delaware Agr, Exp. Sta. 1932, Bui. 179,28; 1934, Bui. 187. 
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of the galacturonic acid, neither the methoxyl content nor any other 
single constituent is a measure of jellying power. 

Norris,^ continuing the work of Schryrer and co-workers (see In- 
troduction), found that the pectic substance of orange juice is a 
trimethylated derivative of pectic acid similar to peetinogen extracted 
from the cell walls hy oxalic acid or ammonium oxalate and is formed 
from the cell wall by the action of natural acids and enzymes. To 
prevent its conversion into an insoluble gel, the fruit is boiled before 
maceration. 

Glucosides. — Hes^eridinj a glucoside consisting of two molecules of 
hesperitin combined with two of glucose and one of rhamnose, is formed 
in the green fruit and persists to maturity, although in decreased per- 
centages owing to the growth of the tissues. According to Power and 
Tutin2 hesperitin isC6H3(OCH3)(OH)-CH:CH-CO-C6H2(OH)3. The 
needle-shaped crystals of hesperidin melt at 251® C. They are only 
slightly soluble in water but soluble in alcohol and in ether. Their 
occurrence as white aggregates on the endocarp of frozen oranges has 
been noted above. 

Hall ^ found in the endosperm of the mature navel orange, in addi- 
tion to hesperidin, what appeared to he a soluble compound of glucose 
with hesperidin, also an accompanying similar substance related to 
hesperidin but with probably no glucose in its molecule. . 

Inosite,“— Nelson and Keenan^ report O.D047 per cent of inosite in 
orange juice. 

Matlack and Kremers ^ report briefly on the isolation from the peel 
of the sweet orange of 'phytost&rolin which appears to be identical with 
the phytosterol-d-glucoside prepared by Salway in 1913 and the ipurand 
of Power and Salway. It is accompanied by two pbytosterols. They 
further identified palmitic, stearic, oleic, linolic, and linolenic acids. 

Colors. — Zechmeister and Tuzson ® state that the peel of the orange 
and the tangerine contains both a water-soluble pigment and a carotenoid. 
By alkaline hydrolysis of the colored wax, they obtained a crystalline 
substance, giving a blue color with dilute acid, that appeared to be 
identical with the viola-xanthine which Kuhn and Winterstein found 
in Viola tricolor. 

^ Biochem. J. 1026, 20, 993. 

2 J.Chem.Soc. 1907,91,887. 

3 J. Am. Chem. Soc. 1925, 4=7, 1191. 

^ Science 1933, 77, 561. 

^ Am. J. Pharm. 1928, lOO, 599. 

® Naturmssenschaften 1931, 19, 307. 

^Ber. 1931, 64B, 326. 
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As isolated by Yamamoto and Tin,^ employing Kulin’s method, 
1 kg. of the fresh fruit of Citrus poomnsis Hort. yielded carotene 33.1, 
caricaxanthine 170.3, free lutein 3.2, lutein ester 22.0, and Tiola-xanthine 
ester 48.2 mg. on the dry basis. 

Odorous Constituents. — Hall and Wilson ^ isolated the following 
volatile constituents from Valencia orange juice: ethyl alcohol, acetone, 
acetaldehyde, formic acid (the foregoing soluble in water), olefin alcohol 
(CioHigO) forming 90 per cent of the constituents insoluble in water, 
iso- (?) amyl alcohol, phenylethyl alcohol, and esters of formic, acetic, 
and caprylic acids. Geraniol and terpineol also appeared to be present. 
Mineral Constituents. — There is a paucity of literature on the ash 
of the edible portion of the orange, hence the value of the results on 
the pulp by Chace ^ given in the following table : 


Composition op Ash of op Cub^ Oeangeb (Ceace) 



Ash 

K2O 

CaO 

MgO 

Fe 203 

P2O5 

SO5 

SiOs 

Cl 


% 

% 

% 

% 

% 

% 

% 

% 

% 

China 

0.52 

40.66 

10.26 

5.27 

1.09 

8.56 

2.84 

1.01 

2.44 

Rough skin ..... 

0.65 

49.19 

2.62 

1.41 

4.51 

7.42 

3.42 


1.50 

Sour 

0.57 

45.09 

7.95 

2.17 

2.40 

8.70 

2.72 


0.98 


Colby and Dyer^ found 0.40 to 0.59, aver. 0.49 per cent of ash in 9 
analyses of California oranges such as Navels, Mediterranean sweet, 
St. Michaels, and Blood, also 0.46 per cent in tangerines, and Pickel 
and Earle ^ found 0.69 to 1.24, aver. 1.00 per cent of ash in 10 varieties 
of Florida oranges, including Navels, Jaffa, Blood, Indian River, Bitter 
Sweet, Sour, and other varieties, also 0.67 per cent in tangerines and 
0.50 per cent in mandarins. The minimum, maximum, and average 
results of ash analyses expressed in percentages of the ash are here tabu- 
lated. Although the total ash in the Florida oranges was about twice 
that in the California, no radical difference in the composition of the 
ash of the fruit from the two states was brought out by the analyses. 
The high percentage in the former case might be explained as due to 
low water content were it not that the results of water determinations 
show no such abnormality. 

J. Agr. Chern. Soc. Japan 1933, 9, 642. 

2 J. Am. Chem. Soc. 1925, 47, 2575. 

5 U. S. Dept. Agr., Bur. Chem. 1904, Bui. 87, 29. 

^ California Agr. Exp. Sta. Rep. 1891/2, p. 99. 

® Florida Agr. Exp. Sta. 1892, Bui. 17, 
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Composition op Ash op Caxipornia and FloruA Obanoes 



K2O 

Na20 

CaO 

MgO 

FeaOs 

Mn203 

P2O5 

-cry 



California 

Orange: 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Min. 

40.3 

1.4 

16.4 

4.3 

€.2’^ 

0.2 

9.8 

3.9 

0.3 

0.6 

Max 

55.3 

5.5 

27.8 

6.4 

2.0* 

0.6 

14.7 

7.9 

1.5 

1.4 

Aver 

48.1 

2,9 

22.6 

6.4 

0.9* 

0.4 

12.9 

6.1 

0.8 

0.9 

King orange 

35.1 

2.7 

37.5 

5.3 

0.4* 

0.4 

10.6 

6.1 

1.2 

0.5 

Tangerine . . 
Elorida 

Orange: 

47.9 

1.7 

26.6 

5.5 

0.9* 

0.5 

9.7 

5.4 

0.6 

1.2 

Min. 

39.1 

2.7 

16.1 

3.5 

0.2 


7.7 

3.2 

0.1 

0.6 

Max 

56.8 

5.0 

32.6 

6.3 

1.0 


9.4 

5.6 

2.1 

1.8 

Aver 

60.2 

4.0 

23.9 

4,8 

0.6 


8.5 

4.4 

1.1 

1.1 

Tangerine . . 

56.9 

5.6 

14.4 

6.3 

1.5 


7.7 

6.9 

1.2 

1.7 

Mandarin... 

57.9 

4.6 

12.9 

4.2 

0.8 


9.6 

5.2 

1.6 

1.6 


* Includes alumiaa. 


Additional analyses hy Colby ^ of oranges, grown without fertilizer 
and with different chemicals, show an increase in ash in the fruit from 
fertilized trees, also certain differences in composition which, if attribu- 
table to the fertilizer, seem remarkable. For example, the highest lime 
content and the lowest phosphoric acid content were in fruit from trees 
fertilized with superphosphate of lime, and the highest potash content 
was in fruit from trees fertilized not with potash salt but with nitrate 
of soda. 

Minor Mineral Constituents. Iron. — ^Edible portion 2 mg. per kilo, fresh basis 
(Bunge quoted by Sherman),^ Peel 4.2, pulp 6.6, juice 2.8 rag. per kilo, fresh basis 
(Peterson and Elvehjeni).^ Whole fruit, 2 samples, 2.6, 6.0, juice, 2 samples, 2.0 
3.6 mg. per kilo, fresh basis (Eoscani and Reznikoff).'* 

Alu^ninuni. — Edible portion 0.88 mg. per kilo, fresh basis (Underhill, Peterman, 
Gross, and Krause).^ Peel 4.3, sections 5.6 mg. per kilo, dry basis (Bertrand and 

Manganese . — Juice 1.41, peel 3.20 mg. per kilo, dry basis (McH argue). 

^ California Agr. Exp. Sta. Rep. 1894/5, p. 172. 

2 U. S. Dept. Agr., Off. Exp. Sta. 1907, Bui. 186. 

U. BioLChern. 1928, 78, 215. 

^ J- Nutrition 1934, 7, 79. 

^ Am. J. Physiol. 1929, 90, 72. 

® Bui. soc. hyg. aliment. 1931, 19, 359. 

^ J. Agr. Res. 1924,27,417. 
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(7op2>«r.~~Fniit 3.1 fresh basis, 219 mg. per kilo, dry basis (GuMthault).^ Edible 
portion 0.8 mg. per kilo, fresh basis (Lindow, Elvehjem, and Peterson).® 

Zinc . — Seedless orange: peel 5.4, sections 1.7 mg. per Idlo, fresh basis (Bertrand 
and Benson).® 

Arsenic . — Fruit 0-11 mg. per kilo, fresh basis (Jadin and Astruc)."^ 

Boron . — ^Dunn and Bloxam,® in 7 samples of oranges, found boron in amoimts 
equivalent to 3.5 to 14.2 mg. per kilo in the pulp and 26 to 58 mg. per kilo in the peel. 
They consider these amounts normal and not due to added preservative. They are, 
hov^ever, much higher than found by Scofield and 'Wilcox,® who report the following 
range in 4 samples of fresh California oranges irrigated with water containing 0.2 to 
2.45 mg. per kilo of boron: pulp 1.3 to 4.1, peel 5.0 to 9.0 mg. per kilo. 


BITTER ORANGE 

Citrus Aurantium L. = C, Aurantium var. cmara L. = 

C. Auranimm yar. BigaroMa Hook. f. = C. vulgaris Risso. 

Fr. Bigarde. Sp. Naranjo agrio. It. Araneio amaro. Ger. Pomeranze. 

Other names for this fruit are the sour oi Seville orange. It appears 
to have originated in India. 

The frait is shipped to England in large quantities from Seville for 
the manufacture of marmalade and is preferred for that purpose to 
the common orange. The immature fruit is used in medicine. In the 
United States the chief value of the tree is as a stock on v^hich to graft 
other citrous fruits. 

MACROSCOPIC STRUCTURE.— This is similar to that of the 
coDomon orange, but the flowers are larger, the mesocarp adhering to 
the segments is bitter, and the juice is high in acidity. 

MICROSCOPIC STRUCTURE. — ^Tschirch and Oesterle’s descrip- 
tion corresponds closely with that of the common orange as given in 
the preceding section. 

Chief Structural Chaeactees, — Rind more bitter and pulp more 
acid than in common orange, otherwise similar. 

CHEMICAL COMPOSITION.— See Orange. 

KING ORANGE 

dims nohilis Lour. 

The oblate-spheroidal Jruit of this species from Cochin-China has 
a loose rough rind, free from the segments, and a hollow pith. The 

3 Compt. rend. 1920, 171, 196, ^ Compt. rend. 1912, 156, 291. 

® J. Biol. Cliem. 1029, 82, 465. ® Analyst 1929, 64, 28. 

® Bui. soe. hyg. alimeut. 1928, 16, 457. ® Science 1930, 71, 542. 
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seeds are more numerous than in the common orange, and the inner 
spermoderm, as well as the cotyledons^ are often green, owing to the 
presence of chlorophyl grains. In other details of macroscopic and 
microscopic structure the fruit and seed agree closely with those of the 
common orange. 

CHEMICAL COMPOSITION.-~Analyses hy Colby ^ of king oranges 
grown in California, also of its varieties, namely mandarin, satsuma, 
and tangerine, by Colby and by Wells, Agcaoili, and Orosa,^ are given 
in the following table : 


Composition of King Orange, Mantajun, Satsuma, and Tangerinb 



Fruifc 

Juice 

Weight 

Peel 

Seed 

Marc 

Water 

Pro- 

tein 

Ash 

Yol. 

Solids 

Citric 

acid 

Sugars, 

total 

Su- 

crose 


g- 

% 

% 

% 

% 

% 

7c 

cc. 

7c 

% 

% 

% 

King: 













Min 

104 

23 

1 

IS 

82.00 

1.40 

0.71 

25 

14.35 

1.25 

11.60 

5.44 

Max 

105 

49 

3 

32 

82.00 

1.40 

0.71 

90 

15.35 

2.20 

14.62 

6.13 

Mandarin : 













Colby 

59 

25 

1 

20 




29 

14.25 

0.36 

13.84 

9.67 

W. A. andO. 

101 

29 

3 

34 




34* 

9.02 

0.51 

7.59 

4.85 

Satsuma: 













W. A. and O. 

38C 

30 

1 

26 




43* 

9-16 

3.06 

3.70 

0.00 

Tangerine: 













Colby 

55 

26 

2 

31 

84.90 

0. 97 

0.46 

22 

13.80 

0.87 

11.03 

7.41 


* Per cent- 


The composition of important members of the group, as determined 
by appears in the following table: 



Weight 

Peel 

Seed 

Flesh 

Acids 

in 

juice 

Sugars, 

total 

KsO 


N 


g. 

% 

% 

% 

% 

% 

% 

% 

% 

Satsuma. . . 

122 

23.8 

0.0 

76.2 

1.02 

7.80 

0.212 

0.039 

0.166 

China 

140 

21.4 

3.6 

75.0 

0.84 

7.49 

0.258 

0.076 

0.140 

Lancy . . . . 

104 

18.6 

2.0 

79.4 

0.88 

9.51 

0.190 

0.059 

0.150 

Oneco 

180 

24.6 

2.0 

73.4 

0.81 

9,48 

0.273 

0.057 

0.165 

Cleopatra.. 

60 

37.3 

4.3 

58.4 

1.56 

7.20 

0.320 

0.053 

0.164 

King 

228 

40.1 

2.3 

57.6 

1.56 

8,95 

0.279 

0.053 

0.151 


^ Calif oraia Agr. Exp. Sta. Eep. 1891/2, p. 99. 
2 PKilippine J. Sci. 1925, 28, 45. 

® Florida Agr. Exp. Sta. 1903, Eul. 66, 571. 
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]S[isMoka and Matsumoto ^ determined protein, sugars, pectin, cellu- 
lose, acids, and ash during growth and storage of Satsuma oranges. 

Mineral Constituents. — See Orange. 

MANDARIN ORANGE AND TANGERINE 

Citrus nohilis Lout. var. deliciosa Swingle 

These two varieties are believed to have been derived by selection 
from the king orange from which they differ in having smaller, smoother, 
and redder fruit. The mandarin orange is from China, the tangerine 
from India. Both have flattened fruit with a very loose skin and rather 
small seeds with green cotyledons and occasionally a green inner sper- 
moderm. The color is deep orange-red. Their peculiar spicy flavor 
is characteristic. 

Their microscopic structure is like that of the common orange, 
except that chlorophyl grains occur in the inner spermodeim and 
cotyledons. 

CHEMICAL COMPOSITION. — See also Orange and King Orange. 

Separate analyses of the parts of Sicilian mandarin by Oliver! and 
Guerrieri ^ are tabulated herewith : 


Composition op Paets of Mad akin (Oliveri and Guerrieri) 



Water 

Pro- 

tein 

Fat 

N-f. 

ext. 

Acids 

Sugars 

Starcl 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

% 

% 

% 

Peel (35%), . 

72.50 

1.50 

3.85* 

21 .541 





0.61 

Juice (50%) . 

90.50 

0.35 


8.78 

0.28t 

1,14 



0.37 

Marc (13%). 

80.85 

1.31 

1.01 

13.23 



0,50 

3.13 

0.47 

Seed (2%).. 

60.62 

12.31 

1.05 

25.18t 





0.84 


* Volatile oil. t Includes fiber, t As citric. 


Volatile OiL—See Volume III. 

Colors. — See also Orange. 

Zechmeister and Tuzson^ isolated (3-carotem from both the fruit 
flesh and the rind of the mandarin orange. From the peel Nelson^ 
isolated colorless rods and needles of tangeretin, Ci5H502(OCH3)5, a 
pentamethyl flavonol isomeric with pentamethylquercetin, yielding on 
1 J. Chem. Soc. Japan 1931, 62, 856, 865. 

^Staz. sper. agr. ital. 1895, 28, 287. 

3 Z. physiol. Chem. 1933, 221, 278. 

'‘J. Am. Chem. Soc. 1934, 66, 1392. 
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alkaline h 7 drolysis anisic acid and tangeretol, a tetrametliyl keto- 
phenol isomeric with gossypitol tetramethyl ether. 

A substance, soluble in benzol, and slightly in ether, but nearly 
insoluble in alcohol, was separated from the peel of the mandarin orange 
by Kimura and IST akamura.^ Under certain conditions it showed intense 
fluorescence. 

Mineral Constituents. — See Orange. 

Minor Mineral Coastituents. Iron . — Tangerine pulp 6.1 mg. per kilo, fresh 
basis (Peterson and Elvehiem).^ 

Aluminum . — Mandarin peel 2.0, sections 6.6 mg. per kilo, dry basis (Bertrand 
and Le^y).® 

Copper . — Tangerine pulp 0.9 mg. per kilo, fresh basis (Lindow, Elvehjem, and 
Peterson).^ 

Zinc . — Seedless mandarin peel 3.9, sections 0.8 mg. per kilo, fresh basis (Bertrand 
and Benzon).® 


LEMOF 

Citrm Limonid Osbeck = C. Medica var. Limon L. 

= C. LimoniuM Bisso. 

Fr. Citron. Sp. Lim6n. It. Limone. Ger. Limone. 

Linnaeus and the earlier botanists regarded the lemon and the lime 
as cultivated varieties of the citron, but later authors, including Swingle, 
separate them into as many species. The lemon originated in India 
and followed the citron into the Mediterranean region about the time 
of the Crusades. 

Sicily is today a leading center of production and export, not only 
of the fresh fruit but also of lemon oil and citric acid. California leads 
ill production in the United States; Florida, since the severe cold of 1894, 
has gone backward. 

MACRO SCOPIC STRUCTURE. — Lemon flowers are pink in the 
bud owing to the color of the lower side of the petals; otherwise they 
are much like those of the orange. The well-known characters of the 
fniit are the lemon yellow color, the elongated form and nipple end, the 
close union of rind and segments, the eight to ten segments, and the 
intense acidity. As in the orange, the surface has numerous short 
elevations over the oil cavities which become depressions on drying. 
The seeds, when present, are rather small and often polyembryonic. 

1 Japan. J. Physics 1922, 1, 41. 

2J. Biol. Chem. 1928, 78, 215. 

^ Bill. soc. hyg. aliment. 1931, 19, 359. 

M. Biol. Chem. 1929,82, 465. 

® Bui. soe. hyg. aliment. 1928, 16, 457. 
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MICROSCOPIC STRUCTURE. Pericarp . — The chromatophofes of 
rind and Tesicles are yellow. Another distinction from the orange is 
the occurrence of sclerenchyma cells, among the thin-walled cells of the 
epiderm of the presides, which stand out strongly on adding sodium 
hydroxide or safranin. In other microscopic characters, the pericarp 
closely resembles that of the orange. 

Spermoderm. — The outer epiderm (Fig. 243^ II) differs from that of 
the orange in that (1) the cells (seen in cross section) are not so high, 
(2) the double radial walls (also seen in cross section) are commonly 
broader than the lumen, and (3) the beaks (seen in surface yiew) are 
shorter, uniform in length, and occur along the whole length of the cell. 

Chief Struc'ixjra.l Chara.cters. — ^Truit elongated with nipple; 
epicarp rough with small elevations over oil cavities as in orange ; epicarp, 
hypoderm, and vesicles yellow; segments up to ten, closely adherent to 
rind. Seeds, if present, often polyemhryonic. 

Pericarp as in orange except that some of the epidermal cells of the 
vesicles are sclerenchymatous. Outer epidermal cells of spermoderm 
with walls broader than lumen and uniform beaks along whole length; 
other seed tissues as in orange. 

CHEMICAL COMPOSITION'. — Colby and Dyer and Colby included 
lemons in their study of California citrous fruits (see Orange). “Water, 
protein, and ash were determined in only 11 and sucrose in only 4 of the 
35 samples examined. Analyses by Danesi and Boschi ^ of 7 samples of 
Sicilian lemons and one hy Wells, Agcaoili, and Orosa ^ are also included 
in the following table : 


Composition op Calipoenla, SiciiiiAKT, aitd Philippine Xbmons 






Fruit 





Juice 




"Weight 

Peel 

Seed 

Maxc; 

Water 

Pro- 

tein 

Ash 

Vol. 

Solids 

Citric 

acid 

Sugars, 

total 

Su- 

crose 


S- 

% 

% 

% 

Yc 

% 

% 

CO. 

% 

% 

% 

% 

California: 

Eureka 













Min.. . 

87 

25 

0 

13 

77.93 

0.76 

0.42 

27 

10.00 

6.86 

1.20 

0.56 

Max. . 

125 

44 

1 

35 

88.54 

1.13 

0.78 

53 

12.95 

8.33 

3.60 

0.58 

Lisbon 













Min.. . 

103 

19 

0 

20 

87.00 

0.87 

0.44 

40 

10.20 

7.00 

1.35 


Max. . 

117 

38 

2 

25 

87.20 

1.04 

0.51 

50 

11.60 

7.84 

3.10 


All var.: 













Min.. . 

80 

13 

0 

13 

77.93 

0.69 

0.42 

23 

9.08 

5.74 

1.20 

0.35 

Max. . 
Sicilian: 

170 

50 

3 

38 

88.64 

1.14 

0.78 

95 

% 

13.20 

8.40 

3.60 

0.58 

Min 

115 

35* 

1 

i IS 

78.12t 



34 

9.90 

6.51 

0.07J 


Max. . . . 

128 

44* 

3 

23 

83.65t 



44 

13.38 

7.21 

0.96t 


Philippine. 

58 

34 

1 

40 




26 

7.39 

3.71 

0 . 91 % 

0.00 


* Volatile ail in peel 1.04 to 1.57%. t la fruit flesh. J Eeducing sugars. 

^ Staz. sper. agr. ital. 1895, 28, 699. ® PMlippme J. Sci. 1926, 28, 453. 
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Two analyses by Chace, Tolman, and Munson ^ of the edible part of 
Cuban sweet lemons and one by Thompson,^ by practically the same 
methods, of the unfiltered juice of Hawaiian rough lemons, obtained 
by squeezing without removal of the peel, are tabulated below: 


COMPOSITlOIf OP CtJBAIT -AND HaWA-UAN LpMONS 



Edible 
part 
in fruit 

Water 

Solids, 

insol. 

Pro- 

tein 

Fat 

Citric 

acid 

Sugars, 

total 

Su- 

crose 

Fiber 

Ash, 

total 

Ash, 

alk.* 


% 

% 

% 

Yc 

% 

% 

% 


% 

% 

% 

Cuban ; 












Sweet (E. P.). 


88.77 

2.43 

.... 


0.17 

7.21 

1.22 

.... 

0.62 

0.54 

Sweet (E. P.). 

71 

89.63 



.... 

. . .. 

0.09 

5.27 

0.99 

.... 

0.98 

0.41 

Hawaiian: 












Juice 

33 

93.56 

0.30 

0.36 

1.49 

4.41 

2.00 

0.47 

0.08 

0,23 



* As potasaium cartonate. 


Composition of Basal and Apical Ends. — ^Bartholomew^ failed to 
detect any difference in the acidity of the two halves. After the fruit 
reached a diameter of 3 to 4 cm., the acidity of the whole fruit changed 
very little, although the total acid (free and combined) increased rapidly 
toward the end of the growing period. 

Composition of Parts. — Separate analyses of the parts of Sicilian 
lemons by Obveri and Gnerrieri ^ are tabulated below: 


Composition" op Parts op Iemou" (Oliteri and Guereieri) 



Water 

Pro- 

tein 

Fat 

N-f. 

ext. 

Citric 

acid 

Sugars 

Starch 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

% 

% 

% 

Skin (42%). 

76.38 

1.79 

1.01* 

20.30t 





0.52 

Juice (42%). 

90.79 

0.32 

.... 

8.69 

5.86 

0.87 



0.20 

Marc (14%). 

82.91 

1.44 

0.81 

11.47 



0,20 

2.97 

0.40 

Seed (2%).. 

44.74 

! 

14.00 

0.95 

39.40t 





0.91 


* Volatile oil. t Includes fiber. 


1 U. S. Dept. Agr., Bur. Cliein. 1904, Bui. 87. 

2 Hawaii Agr. Exp. Sta. Rep. 1914, p. 62. 

3 Am. J. Bot. 1923, 10, 117. 

* Staz. sper. a-gr. ital. 1895, 28, 287. 
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Results by Ajon ^ on pulp and juice, in the latter case in terms of 
grains per 100 cc., appear below: 



Solids 

Pro- 

tein 

Acids, 

free 

Acids 

com- 

bined 

Sugars: 

Pec- 

tin, 

total 

Pec- 

tin, 

solu- 

ble 

Proto- 

pec- 

tin 

Pento-| 

sans 

Fiber 

Ash 









% 

7c 

% 


Pulp. . 

. 14.68 

0.68 

6.47 

0.43 

1.06 

0.94 

0.33 

0.59 

0.69 

0.55 

0.47=* 

Juice. . 

. 11.34 

0.31 

8.14 

0.38 

1.05 


0.07 




0.36t 


* Alkali 0.41%. t Alkali 0.35%. 

Composition of lemon Juice. — Analyses of freshly prepared lemon 
juice have been made by Huerre^ and Azadian, ^ 3 samples each, for 
comparison with commercial lemon and lime juices. The samples 
designated, Adalia, Beledi, and Sweet were from the common Italian 
variety, the West Indian variety, and C. hergamia respectively, all grown 
in Egypt. 


Composition of Lemon Juice 



ISp. gr. 

Solids 

Citric 

acid 

Malic 

acid 

Sugars, 

total 

Su- 

crose 

Pectin 

Ash 



% 

% 

% 

% 

% 

% 

% 

Hiierre: 









Min 

1.048 

11.73* 

7.00 

0.4 

2.2 

0.4 

0.4t 

1,6 

Max 

1.064 

11.73* 

7.50 

0.6 

2.5 

0.5 

0.4t 

1.8 

Azadian: 









Adalia 

1.036 

7.84 

6.40t 




0,29 

0,35 

Beledi 

1 . 040 

9.71 

7.70t 




0.32 

0,31 

Sweet 

1 . 038 

9.20 

O.04| 


3.6 


0,39 

0,29 


* Grams per 100 cc. t Includes mucilage. J Acid as citric. 


Fermented Lemon Juice. — In lemon juice containing about 8.59 per 
cent of alcohol and 4.20 per cent of free citric acid, Wolf rum and Pinnow 
isolated 1.29 per cent of the ethel ester of citric acid, also 0.04 per cent 
of acetic add, 0.023 per cent of succinic acid, and 0.07 per cent of 
glycerin. 

^ Riv. ital. essenze profumi 1929, 11 , 107 . 

2 J, pharm. chim. 1919, 20, 5. 

Ann. fals. 1925, 18 , 412. 

^ Z. Uriters. Nahr.-GenusHin. 1915, 30, 144. 
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InfLuence of Time of Ripening on Composition. — CLace, Wilson, and 
Church^ determined specific gravity, essential oil, and acid in ripe 
lemons of 3 varieties from different sections of California at montUy 
intervals. They report the individual analyses, the average for each 
tree, and the average for each variety. In the following summary the 
lowest and highest figures of the individual analyses and the general 
averages are given: 

Composition op California Lemons Ripened at Different Seasons 
(Chacb ET A1.) 



Sp. gr. 

Oil in fruit 

Acids* in fruit 

Acids* in juice 

Eureka : 

Min 

0.8912 Jan. 

0.30 Jan. 

1 .91 Nov. 

5 .39 Apr. 

Max 

0.9853 Nov. 


4.41 Oct. 

7.74 Sept. 

Aver 

0.9383 

0.48 

3.22 

6.61 

Lisbon : 

Min 

0.8375 July 

0.30 Mar. 

2.57 Oct. 

5.81 Apr. 

Max 

0 . 9666 Dec . 

0. 84 Dee. 

4.05 Oct. 

S.05 Dec. 

Aver 

0.9168 

O.fO 

3.23 

6.78 

Villa Franca: 

Min 

0.8753 Mar. 

0.38 Apr. 

2.19 Dec. 

5.42 Aug. 

Max 

0.9631 Aug. 

0.74 Aug. 

4 .16 Sept. 

7.58 Nov. 

Aver 

0.9262 

0.63 

3.13 

6.60 


* As citric acid plus water of crystallization, f A.lso June. 

The extreme results of individual analyses are of interest as showing 
the range in composition but in some cases are at variance with the 
authors’ conclusions based on a consideration of all the results as follow's: 
(1) specific gravity is highest in midsummer and lowest in Winter, (2) 
the oil content is highest in Fall and lowest in late Winter and Spring, 
and (3) the acidity is highest in early Fall. 

Effects of Freezing on Composition. — Experiments by Young gave 
results comparable with his results on oranges (which see) except that 
the percentage of sucrose appears to increase on freezing, thus offsetting 
to some extent the considerable loss of invert sugar. 

Respiration. — Gore,- working with 3 samples each of partly green 
and fairly well yellowed Eureka lemons, noted a maximum evolution of 
20 mg. of carbon dioxide per kilo per hour at 29.3° €. and a miiiiinum 
of 2 mg. at 1.7® C. 

^U. 8. Dept. Agr. 1921, Bui. 993. 

2U. S. Dept. Agr., Bur. Chem. , Bui. 142. 
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Nitrogenous Constituents. — Senrti and de Plato ^ found that the 
total asparagine and glutamine, present in the earlier periods of ripen- 
ing, are used up in the formation of proteins. 

Yolaiile Oil.~-See Yolume IIL 

Patty Oil of Seed. — OliTeri and Gueriieri ^ found only 0.95 per cent 
of fat in the seeds. So low a percentage indicates abortion. Diedrichs ^ 
reports 50 per cent as the approximate amount. Yalues of the oil by 
Peters and Preiichs,^ Diedrichs,^ Bertolo,^ and Bennett,® who found 
little difference between hot and cold pressed oils, are tabulated below : 


Values of Lemon Seel Oil 



Sp. gr. 
15® C. 

Ref. 
index 
25° C. 

Sapon. 

No. 

Iodine 

No. 

Reichert- 

Meissl 

No. 

Polen- 

ske 

No. 

Hehner 

No. 

Acetyl 

No. 

Fatty 

acids, 

titer 

Acid 

No. 

P. and F.. . 

0.900 


188.4 

109.2 




13.7 

°C. 

3.1 

Dbdriehs.. . 

0.925 

1.4712 

196.0 

107.3 

0.56 

0.30 

95.6 



0.9* 

Bertolo : 
Expressed 

0.922 

1.4723 

190.0 

103.0 



94.0 


35 

2.82* 

Extracted 

0.924 


191.0 

108.0 







Bennett. . . . 

0.923 


189.0 

109.0 





31,9 

11.6* 


* Per cent of acid as oleio. 


Acids. — Bicevuto,^ from the results of analyses of lemons from the 
same tree, made every fifteen days, concludes that citric acid is formed 
during the warm months from reducing sugars and pentosans, but 
during the colder months only from pentosans. 

Carbohydrates. — According to Fichera,® the outer membrane 
consists of cellulose and other polysaccharides, galactosan, and glucosan, 
the inner (vesicular) membrane'' of cellulose and glucosan. The 
outer membrane yields, with nitric acid, mucic acid (from galactan) 
and on hydrolysis with sulphuric acid yields galactose, dextrose, and 
traces of rhamnose. About 40 per cent of the dry weight consists of 
cellulose. The inner membrane yields dextrose on acid hydrolysis. 

^ Staz. sper. agr. ital. 1908, 41. 456. 

2 Ibid. 1895, 28, 287. 

2 Z. Unters. Bahr.-Genussm. 1914, 27, 132. 

< Arch. Pharm. 1902, 246, 659. 

® Giorn. chim. appl. 1920, 1, 54. 

® Perf. Ess. Oil Pec. 1922, 13, 250. 

^ Ann. chim. appl. 1933, 23, 411. 

« Ibid. 1925, 16, 568. 
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Inosite. — ^Nelson and Keenan ^ report 0.0124 per cent of inosite in 
lemon juice. 

Pectins. — Sxicharipa ^ classifies tLe pectin substances of the lemon 
as: (1) free or sohble 'pectin, the fully methylated ester of pectic acid, 
occurring in the juice and the outer layer of the wall of the indmdual 
cell (middle lamella of the double wall), which appears to correspond 
to the pectin of Yon Fellenberg; (2) protopectirij so named by Tschirch, 
an insoluble constituent of the cell layer adjoining the outer layer, which 
was shown by Ton Fellenherg to be the methyl ester of pectic acid and 
not the calcium salt as thought by earlier workers; and (3) pectic ccid, 
practically insoluble in water, the ultimate product of hydrolysis of 
any of the pectic substances. He refers to the confusion of terms used 
by different authors and he himself uses pectin and pectic acid inter- 
changeably. (See also Introduction, A.pple, Orange, and Beet.) 

In lemon albedo (white of peel) Sucharipa found: ash 3.32, matter 
soluble in ether and alcohol 12.54, total pectin, including “ free and 
hydrolyzed 21.64, total of substances extracted with pectin 29.43, 
free cellulose 15.00, total hydrolyzed cellulose 8.94, and unaccounted 
for 9. 13 per cent. 

Myers and Baker ^ studied the yield of pectin from lemon albedo 
as influenced by hydrogen-ion concentration, temperature, and time of 
extraction. Increase of beyond the optimum decreased the yield, 
time and temperature remaining constant, but increase in temperature 
decreased the pH essential fox the maximum yield. When the pH was 
below 3.0 there was practically no yield of pectin at 60° C. or less in 
30 minutes but when the pH was increased sufficiently there was a 
marked formation, even at room temperature. 

The constituent units of the pectin contained in lemon albedo, 
identified by Bridgham and King,^ are d-galacturouic acid,, Z-arabinose, 
d-galactose, and methyl alcohol, the molecular proportion of the first 
three being 4:1:1. The galacturonic acid units are present in the native 
pectin chiefly as methyl esters. 

Colors. — Denny ^ states that lemons which are green when suffi- 
ciently mature for picking become yellow on storage for 30 to 60 days 
at 10 to 13° C. in air with a humidity of 80 per cent. This change miiy 
be hastened by exposing the fruit to the gases liberated by kerosene 
stoves or to ethylene mixed with air, the rate of coloring being influenced 
by the concentration and the temperature. See also Lime. 

1 Science 1933,77,561. 

2,1. Am. Ctem. Soc. 19‘24, 46, 145. 

® Delawa.re Ag;r. Exp. Sta. 1931, Tech. Bui. 12: 

U. Am. Chem. Soc. 1933, 65, 3319. 

6 J. Agi. Res. 1924, 27, 757. 
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Mineral Constituents. — The range of 4 analyses by Colby ^ of the 
ash of California lemons, all but one of the Eureka variety, one analysis 
by Ajon ^ of the ash of the pulp of Italian lemons, and one by Chace ^ 
of the ash of the pulp of Cuban sweet lemons are given in the following 
table: 

COMPOSITIOKT OF LeMON AND LeMON PuLP AsH 



K 2 O 


CaO 

MgO 

Fe^Os 

MnjOi 

P 2 O 5 

SO 3 

Si02 

Cl 

Lemon: 

California 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Min... . 

30.05 

1 .50 

25.17 

4,00 

0.28* 

0.28 

10.19 

2.48 

0.54 

0.27 

Max . . . 
Pulp: 

51.20 

4.39 

36.07 

6.12 

1.36* 

0.71 

19.63 

4.15 

0.92 

0.88 

Italian . . . 

54. 63 

17.14 

10.17 

4.33 

0.19 


9.68 

3.47 


0.28 

Cuban . . . 

54. 35 


4.29 

1.08 

— 


9.83 

4.09 


1.32 


* Incsludes AI2O3. 


Minor Mineral Constituents. Iron. — Peel 7.5, juice 1.5 mg. per kilo, fresh 
basis (Peterson and Elvehjem).'* 

Manganese. — Peel 4.12, juice 3.38 mg. per kilo, dry basis (McHargue).^ Peel 
6.75 mg. per kilo, dry basis, pulp trace, seed trace (Quartaroli).® Fruit 3.6 mg. per 
kilo, dry basis (Peterson and Skinner).’ 

Copper. — Peel 3.12, pulp 2.04, seed 12.2 mg. per kilo, dry basis (^uartaroli).® 
Pulp 0.4 mg. per kilo, fresh bjisis (Lindow, Elvehjem, and Peterson).® 

Zinc.— Vressed peel and residue 3.3, juice 1.7 mg. per kilo, fresh basis (Bertrand 
and Benzon).'-' 

LIME 

Citrus aurantijolia Swingle = C. limeita Auct. = 

Limonia aicrantijolia Christ. 

Fr. Lime. Sp. Lima. Ger. Liirie. 

The common lime grown in the West Indies and southern Florida 
is a small green-yellow fruit with a slight beak, a strongly acid pulp, 

1 California Agr. Exp. Sta. Rep. 1891/2, p. 99. 

^Loc. cit- 

3U. S. Dept. Agr., Bur. Chem. 1904, Bui. 87, 29. 

AT. Biol. Chem. 1928, 78, 215. 

M. Agr. Res. 1924,27,417. 

®Ann.chim. appl. 1928, 18, 47. 

’ J. Nutrition 1931 ,4, 419. 

8J. Biol. Chem. 1929, 82 , 4(55. 

® Bui. soe. hyg. aliment. 1928, 16, 467. 
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and small seeds. It is used for limeade which is prepared either 
from the fresh fruit or the bottled juice. The larger-fruited lime is 
more insipid. 

MICROSCOPIC STRUCTURE- — In structure the lime resembles 
the lemon. jSclerenchyma cells may occur in the epiderm of the vesicles, 
and the outer epiderm of the spermoderm has numerous beaks along the 
whole length of the cells, although these beaks may be longer at the 
ends of the cells, whereas in the lemon they are more nearly uniform. 

Chief Strijcturai Characters. — Fruit very small, oval; segments 
ten ; seeds small. Histology nearly the same as that of lemon. 

CHEMICAL COMPOSITION,— The composition of one sample of 
California limes as found by Colby ^ and of 3 samples of Philippine 
limes as found by Wells, Agcaodi, and Orosa ^ is shown in the following 
table : 


Composition of Califobnia and Philippine Limes 



Fruit 

Juice 

Weight 

Peel 

Seed 

Mare 

Voh 

Solids 

Citric 

acid 

Sugars, 

total 

Sucrose 


g- 

% 

% 

% 

cc. 

% 

% 

% 

% 

California . 

117 

21 


23 

60 

9.70 

5.18 

3.48 

.... 

Philippine: 





% 





Min .... 

34 

20 

0 

21 

45 

8.47 

6.64 

0.06 

0.00 

Max .... 

120 

30 

1 

34 

48 

9.81 j 

7.16 

1 .69 

0.00 


Three samples of Cuban limes, analyjzed by Chace, Tolman, and 
Munson,'^ and one of the juice of Hawaiian limes, analyzed by Thomp- 
son,'^ contained as given in the following table : 


Composition of Cuban and Hawaiian Limes 



Weight 

Edi- 

ble 

part 

Water 

iSolids, 

insol. 

Pro- 

tein 

Fat 

Citric 

acid 

Sugars, 

total 

Su- 

crose 

Fiber 

Ash, 

total 

Ash, 

atk.* 


g. 


C' 


V'o 

Fo 


tc 

c\ 


‘ e 

C- 

Cuban: 













I 

*27 

7S 


3 . 1)7 

o.s:{ 


7.20 

0.34 

0.00 


U.07 

0.04 

11 

1>() 

()0 





(1.27 

0.58 

0.00 


0.9S 

0.73 

Hawaiian : 













J ui ('t' , . . 


40 

SS.'J’) 

0.11 

O.tiT 

;i. .=)(> 


1 ..50 

0 . 00 

l).07 

o..8r> 



* As j^utussium carbonate. 


^ California Ajijr. Exp. Sta. Rep. 1894/5, p. 172. 
- Philippine J. Hci. 1925, 28, 453. 

^ IJ. 8. Dept. Agr., Bur. Cheni. 1904, Bui. 87. 

‘ Hawaii Agr. Exp. Sta. Kep. 1914, p.62. 
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Ajialyses of lime seeds and lime seed cake, after removal of 30 per 
cent of oilj^ appear below: 

Composition op Lime Seeps Cake 



Water 

Pro- 

tein 

Pro- 

tein, 

Fat 

Carbohy- 

drates 

Fiber 

Ash 

K 2 O 





pure 







Seed.. 

. 10.54 

21.37 

14.50 

39.87 

11. SO 

14.10 

2.22 

0.48 

0.74 

Cake.. 

. 15.08 

30.50 

20.70 

14.20 

17.00 

20.05 

3.17 

0.88 

1.05 


Nitrogenous Constituents of Lime Juice. — Frank ^ isolated a sub- 
stance (C 6 H 702 lN' 5 ), readily soluble in hot water, that failed to give 
the usual purine reactions, also spherolites, melting with decomposition 
at 188 to 189® C., corresponding to methylpiperidylacetic betaine 
(C9H18O6N2). 

Volatile Oil. — See Voltime III. 

Fatty Oil of Seeds. — ^Examination of the oil of lime seeds, made at 
the laboratories of the Imperial Institute and of the Leeward Islands,^ 
gave the values tabulated below: 

Values of Lime Seed Oil 


Sp.gr. 

ISapon. Iodine 
index ' 

|Reichert-l Polea-|Fatty 
Meissl ske acids. 

Acid 

Unsapon. 

15715i 

25° C. 

Ko. 

No. titer 

No. 

matter 

Imp. Inst.. 0.9236 

1.4689 197.7 109.5 

0.27 

0.48 34.9 

13.6 

0.4 

L. Islands. 0.9212 

1.4750 193.6 100.8 



11.2 

0.7 


Pectins. — As determined by Adriano, Ylizarde, and Villanueva,^ 
the rind of Tahiti limes contained 2,63 per cent of pectin, which is 
more than was present in any of 13 other Philippine fruits examined. 

Colors. — Unlike the color of orange, mandarin, and tangerine peel, 
that of lime, lemon, and grapefruit peel, according to Hardy and 
Warneford,^ is largely in the form oiaphlohatannin (polyhydroxyphenolic 
compound) occurring in the vacuole contents of the cells bordering on 
the oil cavities. Very little carotenoid pigment or true anthroxanthine 

1 Bui Imp. Inst. 1922, 20, 465. < Philippine J. Agr. 1932, 3, 273. 

2 Bioehem. J. 1913, 7, 81. « Ind. Eng. Chem. 1925, 17, 48. 

3 Bui. Imp. Inst. 1922, 20, 465. 
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is present. On boiling tiie peels with acids a dark brown phlobatannin 
is formed. Fusion with potash results in the formation of protocatechuic 
acid, and hydrolysis with potash solution yields cafeic acid. This 
coloring matter is present in lime juice pressed from the whole fruit; in 
contact with the air it oxidizes, gi^dng the product an unsightly hrown 
or almost black coloration. 

Mineral Constitueiits. — Chace ^ found 0.98 per cent of ash in the 
pulp of limes from Cuba and the percentages of constituents in the ash 
tabulated below ; 


KsO 

CaO 

MgO 

PaOfi 

SOs 

Cl 

% 

% 

■ % ■ 

% 

% 

% 

4S.01 

7.84 

2.36 

8.45 

2.62 

4.07 


CITRON 

Citrus Medica L. — C, Medica var. macrocarpa Risso 
Fr. C6drat. Sp. Cidra. It. Cedrato. Ger. Zitrone. 

Originally an Indian species, the citron was introduced into southern 
Europe before the lemon. It is valued for the fleshy rind which, candied, 
is the citron of commerce. It is grown chiefly in Italy, southern France, 
Corsica, Sicily, and other Mediterranean countries whence it is shipped 
in brine to be candied as needed. 

The rind has the same histological elements as that of the orange 
and lemon. Endocarp, vesicles, and seeds are lacking in the candied 
rind. 

As a substitute, the rind of the citron melon (Citmllus vulgaris 
Schrad.) is also candied. 

CHEMICAL COMPOSITION. — Analyses of the candied peel as 
given by Atwater and Bryant^ follow; 



Samples 

Water 

Protein 

Fat 

N-f.ext.* 

Ash 



% 

% 

% 

% 

% 

Min ....... 

2 ’ 

12.4 

0.4 

0.6 

72.5 

0.8 

Max 

2 

25.6 

0.6 

2.5 

83.7 

0.9 

Aver 

2 

19.0 

1 

0.5 

1.6 

1 

78.1 

0.9 


* Includes fiber. 


1 U. S. Dept. Agr., Bar. Cliem. 1904, BuL 87, 29. 

2 U. S. Dept. Agr., Off- Exp. Sta. 1906, Bui. 28 rev. 



714: 


FilUITS 


GRAPEFRUIT 

Citrus grandis Osbeck == C. Aurauiium Yar. grandis L, = 

C. decumam L. 

Fr. Pompelmouse. It. Porno di paradise. Ger. Pompelmus. 

Tke name grapefruit refers to the growth in bunches. Florida, 
which produces several times as much as all other regions together, 
Puerto Rico, and other West Indian Islands supply the Winter and 
Spring market, the varieties being mostly rich in seeds, while California 
supplies the Spring and Summer market with a limited amount of 
seedless fruit. 

The pummelos are pear-shaped, thick ‘rind varieties of the same 
species as the grapefruit, grown mostly in the Orient. Under the name 
of shaddock a variety of pummelo was formerly grown in Florida to 
some extent but now is of little importance. One variety of pummelo 
(Bombay Red) described by Swingle has very juicy pulp the color of 
raw beef. 

MACROSCOPIC STRUCTURE. — Both buds and are white. 

The fruit is lemon colored, globular, and remarkable for its large size. 
The segments vary up to 14. Some varieties have such bitter rind and 
endocarp that care must be taken in eating to exclude all but the vesicles. 
This objection is removed in newer varieties without loss of piquancy of 
flavor. The seeds are large and generally prominently beaked; many 
contain more than one embryo. 

MICROSCOPIC STRUCTURE. Pericarp. — The structure is prac- 
tically the same as that of the lemon, the epidermal cells of the vesicles 
being partly sclerenchymatized. 

Spermoderm.—The outer epiderm (Fig. 243, III) is intermediate 
between that of orange seed and lemon seed. In height it resembles 
the former. The double radial walls in some parts are broader than 
the lumen, in other parts narrower. In surface view, the end beaks 
of the cells are prominent as in the orange but occasional short beaks 
between the end beaks are also present. The short beaks are neither 
so prominent nor so numerous as in the lemon. 

Chief Structural Characters. — ^Fruit globular, very large; 
epicarp smooth except over oil cavities; epicarp, hypoderm, and vesicles 
yellow; segments up to 14, closely adherent to rind. Seeds large, beaked, 
polyembxyonic. 

Pericarp tissues throughout as in lemon. Outer epidermal cells of 
spermoderm with occasional short beaks along cell between the two 
long end beaks, lumen often narrower than double radial wall. 
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CHEMICAL COMPOSITION. — Two analyses of California pomelos 
by Colby ^ and the minimam and maximum results of 9 analyses of 
Philippine grapefruit by Wells, AgeaoOi, and Orosa - follow : 


Composition op CmroRNix Pomelos and Philippine Okapefrtjit 




Fruit 




Juice 




Weight 

Peel 

Seed 

Marc 

Vol. 

Solids 

Citric 

acid 

Sugars, 

total 

Su- 

crose 

California; 

g- 

% 

% 

% 

ce. 

% 

% 

% 

% 

Pomelo.. . . 

440 

23 

3 

25 

175 

11.20 

2.31 

8.00 


Pomelo.. . . 
Philippine: 
Grapefruit 

357 

24 

4 

37 

% 

13.20 

2.70 

9,50 

5.00 

Min .... 

280 

25 

0 

18 

32 

8.21 

0.38 

2.22* 

2.11 

Max .... 

695 

39 

4 

36 

48 

10.96 

1.76 

3.57* 

5.19 

Aver.. . . 

409 

32 

2 

27 

39 

9.18 

1.28 

2.82* 

3.08 


Pedudng sugar. 


The minimum and maximum results of 3 analyses of Cuban grape- 
fruit by Chace, Tolman, and Munson ^ and single analyses of Philippine 
pomelo by Pratt and Del Eosario ^ and of Hawaiian shaddock by 
Thompson ^ are given below: 


Composition op Edible Part op Cuban Grapepeuit, Philippine Pomelo, 
AND Hawaiian Shaddock 


i 

] 

Weight 

Edible 

part 

in 

whole 

Water 

Solids, 

insol. 

Pro- 

tein 

Fat 

Citric 

acid 

Sugars, 

total 

Su- 

crose 

Fiber 

Ash, 

total 

Ash, 

alk.* 

Grapefruit: 

S- 

07^ 

<y. 

'.'I 

‘it 







*■; 

Mill.. . - . . 

37 S 

69 

30.71 

1. 17 

0 ..'it) 


0.71 

5 . 80 

3.11 


i 

0,31 

Max ..... 

477 

7:i 

OO.Oli 

2.70 

o.r>3 


0.771 

7.. 37 

4,77 


(>.4b 

0.37 

Pomelo 

‘)ao 

til 

a7.70 

2.(iO 

O.liti 


l.Ot)! 

U. !.■> 

<>,24 



0.44 

Shaddock.. . 


42 

«S.47 

0. 14 

l AS 

0.14 

0.20 

8. 12 

7.2t) 

1 '.»s 

(».40 

0.30 


=♦* As potassiurn carbonate. 


California Agr. Exp. Sta. 1892/4, p. 253; 1894/5, p. 172. 
' Philippine J. Sci. 1925, 28, 453. 

‘ U. S. Dept. Agr., Bur. Chem. 1904, Bui. 87. 

^ Philippine J.Sci. 1913, 8,59. 

‘ Hawaii Agr. Exp. Sta. Itep. 1914, p. G2. 
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Baier ^ lays stress on tte average solids t aeid ratio in the Marsh 
variety which varied from 5.40:1 to 6.78:1, being highest in fruit from 
the most arid regions. 

Composition of Seed. — Jamieson, Baughman, and Gertler ^ state 
that the air-dry seed contains 30 per cent or more of oil, and the extracted 
seed: protein 21.4, nitrogen-free extract 38.8, and fiber 22 per cent. 

Changes in Composition during Storage. — TMs problem was attacked 
by Zoller,^ who found that the content of citric acid, naringin, and pectin 
decreased and of reducing sugars and sucrose increased during storage, 
and later by Hawkins and Magness ^ and Hawkins. ^ HawMns found 
that during warm storage for 2 months the acid content, calculated to 
the wet pulp, increased markedly and the total sugar content slightly, 
whereas during cold storage for 4 months at O'" C. there was a marked 
decrease in acidity but little change in the total sugar content. When 
left on the tree the acidity decreased and the total sugar content 
increased. The influence of cold storage is shown by the average results 
obtained with the fruit of 3 trees, picked Oct. 4, Hov. 1, and Dec. 9, 
the loss in acidity being evident even if no account is taken of the shrink- 
age which in the three cases amounted to 4.3, 3.9, and 4.2 per cent. 


Average Composition of Florida Grapefruit before and after 
Storage 4 Months at 0^ 0. 



Peel 

Peel 

thick- 

ness 

Solids 

Acids 

Sugars, 

total 

Sugars, 

reduc- 

ing 

Su- 

crose 

Acid 

in 

juice 

Solids 

in 

juice 

Solids: 

acid 


% 

mm. 

% 

% 

% 

% 

% 

% 

% 

ratio 

3rd Pick: 

i 










Before' 

23.2 

5.4 

9.24 

1.09 

5.26 

2.55 

2.71 

1.30 

9.13 

7.03 

After . 

24.6 

4.8 

9.23 

0.98 

5.29 

2.52 

2.77 

1.18 

10.41 

8.83 

4th Pick: 











Before 

21.9 

4.5 ^ 

9.49 

1.13 

5.86 

2.88 

2.98 

1-25 

10.07 

8.08 

After . 

21.7 

4,4 

9.80 

1.03 

6.33 

3.35 

2.98 

1.07 

9.92 

9.58 

5th Pick: 











Before 

20.5 

3.8 

9.98 

1.20 

6.79 

3.64 

3.15 

1-26 

10.65 

8.52 

After . 

22.4 

4.7 

9.96 

1.11 

6.36 

3.33 

3.03 

1.13 

11.04 

9.75 


The above results show a progressive increase in total sugar for the 
three picks before storage and a slight gain in acid. Considered, how- 

^ Calif. Citrograph 1932, 17, 94. J. Agr. Tes. 1920, 20, 357. 

2 Oil & Fat Ind. 1930, 7, 181. abid. 1921, 22, 263. 

3 J. Ind. Eng. Chem. 1918, 10, 364. 
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ever, in connection witli the first two picks (results not here given) 
there was a distinct loss in acid in the later picks. 

Nitrogenous Bases. — Hiwatari ^ isolated from 27 kg. of the pulp: 
glycine-betaine 2.2, stachydrine 8.5, and putrescine 0.2 gram. 

Volatile Oil.— See Volume III. 


Fatty Oil of Seed, — ^The composition of the expressed oil, as found 
by Jamieson, Baughman, and Gertler,^ follows : 


% 

Gtycerides of: 

Lignoceric acid 0.1 

Stearic acid.. 7.6 

Palmitic acid 20-1 

Oleic acid 20.5 

Linolie acid 51.0 

Unsapottifiable matter. 0.7 


100.0 


A-cids. — Menchikowsky and Popper^ give the following average 
results on acids in whole Palestine grapefruit and the juice : citric acid 
0-670D and 1.5810, taridric acid 0.0003 and 0.0007, malic acid 0.0069 
and 0.0163, and oxalic acid 0.0022 and 0.0053 per cent respectively. 

Glucoside. — Attention is called by Zoller ^ to the bitter principle 
of the peel, naringin, so named by Hoffmann,^ which was discovered 
by De Vry.® Neither of the authors was able to find the glucoside in 
other citrous fruits or parts of their plants. Its empirical formula is 
given as C 21 H 26 O 11 -41120. On hydrolysis it yields rhamnose and 
dextrose, the latter in the smaller amount. Zoller prepared naringin 
from the residue after steam distillation of the peel and from a 95 per 
cent alcohol percolate as white, glistening, spine-like crystals. 

Zoller found in fresh and old grapefruit the following amounts of 
naringin: Indian River 0.080 and 0.D48, Walters 0.073 and 0.034, and 
Marsh Seedless 0.066 and 0.014: per cent, calculated to the whole fruit. 
Apparently the glucoside splits up with the liberation of its carbohydrate 
constituents. Fellers also found that naringin decreases in amount 
with maturity. Analyses by Poore® of grapefruit residue from canning 

^ J. Bioehem. Japan 1927, 7, 169. 

* Log. cit. 

3 Hadar 1932, S, 181. 

* J. lad. Eng. Chem. 1918, 10, 364. 

5 Ber. 1876, p. 685. 

® Jahresb. Pharmacog. 1857, 132, 1866- 

7 Glass Packer 1929, 2, 509. 

Bind. Eng. Chem. 1934, 26, 637. 
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plants show pectin 3 to 4,5 per cent and naringin 0.75 per cent, both 
of which substances may he largely recovered. 

Inosite. — Nelson and Keenan ^ report 0.0028 per cent of inosite in 
grapefruit juice. 

Colors. — See Lime. 

Mineral Constituents. — Chace ^ found 0.39 per cent of ash in Cuban 
grapefruit and the following percentages of constituents in the ash ; 


KoO 

CaO 

MgO 


P.0 5 

SO 3 

Cl 

% 

% 

% 

% 

% 

% 

% 

44.19 

7.34 

3.92 

1.28 

11 .09 

I 

3.39 

1.38 


Minor Mineral Coastituents. Iron . — Pulp 2.7 mg. per kilo, fresh basis (Peter- 
son and Elvebjem) 

Copper ^ — Pulp 0.3 mg. per kilo, fresh basis (Lindow, Eh^ehjem, and Peterson). 


KIJMQUAT 

ForiuTielld spp. 

Of several cultivated species of the genus, introduced into the United 
States from China and Japan, the oval or nagami kiimquat {F. margarita 
Swingle = Citrus margariia Lour.) now has reached the shipping stage. 
Swingle considers the Hongkong wild kumqnat (F. H indsn Swingle) 
the most primitive of true citrous fruits. 

The diminutive fruits are eaten out of hand. They make excellent 
marmalade. Candied and preserved round kumquats (F, japonica 
Swingle = Citrus japonica Thunb.) are imported from China. 

MACROSCOPIC STRUCTURE.— The small flmers resemble those 
of species of Citrus but the ovary usually has fewer cells (up to seven). 
Characteristic of the seed are the bright green cotyledons; the inner 
spermoderm, however, is hrown as in the orange. 

MICROSCOPIC STRUCTURE. Pericarp.— As in the orange. 

Spennoderm. — The ontet' epiderm does not conform to any of the 
three forms found in the orange, lemon, or grapefruit. Leaks occur 
all along the outer wall as in the lemon but are longer, branching, and 
jagged. 

Cotyledons. — Numerous chlorophyl grains cause' the green coloration. 

1 Science 1933, 77, 561. 

^U. S. Dept. Agr., Bur. Chem. 1904, Bui. 87, 29. 

M.BioLChein.l928, 78,215. 

Mbid. 1929,82,465. 
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Chief Structijral CHARAcrERS. — Fruit small, elongated or round, 
up to seven-loculed ; inner spermoderm brown; cotyledons bright green. 

Pericarp as in orange. Spermoderm with branching beaks along 
outer epidermal cells. 

Chemical Compositioa. — ISTo proximate analyses of whole fruit avail- 
able. For an analysis of the seed see ’ Composition of Parts under 
Orange. 

Minor Mineral Constitneats. Iron . — Fruit 5.1 mg. per kilo, fresh basis (Peter- 
son and Elvehjem).^ 

Cojiper . — Fruit 0.8 mg. per kilo, fresh basis (Lindow, Elvehjem, and Peterson).® 


MISCELLANEOUS CITROUS ERTJITS 

The following citrous fruits grown in the Philippines have been 
analyzed by Wells, Agcaoili, and Orosa^: Eiasong (Citrus microntha 
Wester), Ganid (C, Wehleri var. montana Wester), Caniisan (C. sp.), 
Lambog (C, psmdolirrionum Wester), and Suangui (C. hystru var. 
tomsa Wester). 



Fruit 

Juice 

Weight 

Peel 

Seed 

Marc 

Juice 

Solids 

Citric 

acid 

Sugars,- 

total 

Su- 

crose 


K- 

% 

% 

% 

% 

% 

% 

% 

% 

BiasoBg . . . 

52 1 

28 

7 

22 

44 

8.93 

7.57 

0.06 

o.oc 

Ganid 

135 

28 

6 

29 

37 

8.21 

4,61 

0.55 

0.00 

Camisan.. . 

141 

23 

3 

20 

54 

10.81 

2.38 

4 . 66 

0.10 

Lambog. . . 

72 

29 

6 

25 

40 

9.08 

6,05 

0.00 

0.00 

Suangui. , . 

64 

3G 

5 

27 

32 

10.42 

6,21 

0.06 

0.00 


WHITE SAPOTE 

Casimiroa eduUa Lalavc et Lex. 

The white sapote, long cultivated in the highlands of iMexico and 
Central America and recently introduced hc're and there in the IMedi- 
terranean region, California, and Florida., is, however, nut generally 
known. It belongs to the same family as Ihe orange, bul tiu' sweet 
flavor suggests the peach rather than th(‘ well-known citrous fruits. 

1 J. Biol Chem. 1928,78, 215. 

2 Ibid. 1929, 82, 465. 

* Philippine J. Sci. 1925, 28, 45. 
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MACROSCOPIC STRUCTURE. — The fruit is several centimeters 
in diameter, round, green-yellow, with oval seeds, 2 to 3 cm. in length, 
consisting largely of two large fiat cotyledons. 

MICROSCOPIC STRUCTURE. — The edible tissues were not avail- 
able hut the histology of the seed and the closely enveloping endocarp 
is as follows: 

Pericarp. — The endocarp is made up of sclerenchyma fibers or elon- 
gated stone cells, running from the point 
of attachment up the back and spread- 
ing out diagonally over the whole sur- 
face of the seed. 

Spermoderm, a thin brown tissue, 
adhering closely and conforming to the 
shape of the embryo is made up of 
characterless, thin-walled, compressed 
cells through which runs the raphe. 

PeiispernL and Endosperm. — Not 
present. 

Embryo. — The cotyledons (Fig. 245) 
consist of (1) epiderm (ep) of small 
cells, (2) thin-walled starch paren- 
chyma, with rounded starch grains 
(am), up to 11 pf, in small aggregates, 
forming the bulk of the tissue, and 

nu. — vviiiLG oapoLB. ootyie- /o\ / i\ j i i • 

, . . (3) 011 cavities (ot) surrounded by thin- 

don in cross section, ey outer , 

epiderm; ol oil drop; ret reticu- waUed cells interspersed with spiral- 
lated cells; am starch grains, reticulated cells (ret) about twice as 
X 160. (KJB.W.) long as broad. 

CHEMICAL COMPOSITION.— 
No analysis of the fruit is available but an analysis of the seed made at 
the University of California shows: water 72.64, protein 0.64, fat 0.46, 
invert sugar 8.44, sucrose 12.20, starch 3.92, and fiber 1.26 per cent. 






FRtrtTS OF THE MAHOGATTY FAMILY 

(Meliace^') 

Tvo tropical fruits, langsat and santol, belong in this family. 

COMPARATIVE MICROSCOPIC STRUCTURE.™ Both fruits 
have five loonies and a densely hairy epicarp. In the langsat the peri- 
carp forms a thin rind, the edible part being the fleshy arils, whereas 
in the santol the inner mesocaip is fleshy and edible, arils being absent. 

COMPARATIVE MICROSCOPIC STRUCTURE ,—Yolatile oil cavi- 
ties occur in the mesocarp of both species and in the cotyledons of 
langsat. The cotyledons of both are starchy. 

COMPARATIVE CHEMICAL COMPOSITION ™Both fruits are 
moderately saccharine and agreeably acid. 

LANGSAT 

Lamium domesticum Jack 

Ger. Lansa. 

Popenoe ^ states that the fruit of this species, although inferior to 
the mangosteen, is one of the best, grown in the Malayan region. In 
the Philippines it is variously known as lanzone, lans6ne, and b6boa. 
Duku is the name of a variety with larger fruit grown in 
smaller clusters. 

MACROSCOPIC STRUCTURE.™Sepals, petals, 
and cells of the ovary number five and the stamens 
ten, forming a tube. The round or elongated /riizi (Fig. 

246) of the common form ranges up to 3 cm. long, of 
the duku up to 5 cm. Sepals persist at the base. A 
thin rind, consisting of the velvety russet-colored epi- 
carp, the mesocarp, and the endocarp, and the still 
thinner partitions between the five locales separate 
readily from the fleshy arils which are the edible part 
and form the bulk of the whole fruit. Usually only one 
(or two) of the arils contains a well-developed which 
is about the size of a small almond. The spermoderm 
and endosperm form a thin skin over the straight 
embryo consisting of two fleshy cotyledons and a short 
radicle. 

1 Manual Trop. Subtrop. Fruits, New York, 1920, p. 426. 
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Fig. 246 - — 
Langsat. Fruit, 
cut transverse- 
ly, showiag the 
five 1 0 c u 1 e s 
each containing 
a jelly-like aril 
surrou nding 
perfect or abor- 
tive seed. 

(A.L.W.) 
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MICROSCOPIC STRUCTURE (Fig. 247).— Tke Pericarp (F) con- 
sists of (1) small-celled e'picarp (e'pi) with rLXimerons short, pointed, 
thick-walled warty hairs, also jointed capitate hairs ; (2) hypoderm of 
characterless cells passing into (3) mesocary (mes) through which are 
distributed volatile oil cavities and, in the outer part, small groups of 



stone cells (st); and (4) endocarp (end) of 
thin-walled, tangentially elongated, often 
crossing cells, in two or more rows. 

Aril (A) . — As seen in cross section, the 
outer and inner epiderms (ep) are of broad 
but low cells with granular contents, while 
the pulp cells (p) are large and in the inner 
part radially elongated. 

Spermoderm (S ). — Three tissues are 
diferentiated: (1) outer epiderm (nep) of 
striking, longitudinally elongated, thick- 
wailed, spirally reticulated cells, grown fast 
to the inner epiderm of the aril; (2) pareTv- 
chyma throngh which inns the raphe bundle 
(fv ) ; and (3) inner epiderm (iep) of brown, 
thin-walled cells. 

Endosperm (E ). — In parts, this is well 
developed with one or more rows of thick- 
walled cells divided by thin partitions into 
daughter cells. The contents are finely 
granular. 

Embryo. — Excepting the epidermal and 
subepidermal tissues which have somewhat 
thickened walls, the cells of the cotyledon 



(C) are thin- walled and contain minute, 
scarcely measurable, starch grains, (aw), 
some in aggregates up to 12 y in diameter. 
Small volatile oil cavities (r^) occur here 
and there. 

Chief STiuicruuAL Chauactehs. — Fruit 

Flo. 247. — Langsat. Fruit and seed in cross soc*- 
tioQ. F pericarp: epi ciucarp with hairs, mus 


-i/ inesocarp with oil cavity and si stone end 



endocarp. A aril; ep epiderm, p parcadryina. F 
spermoderm: aep outer epiderm, jv raphe bundle, 


Mr-' y JH' j 


iep inner epiderm. F endosperm. (! (cotyledon : 
am starch cells, r- oil cavity. X 160. (K.B.W.) 
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up to 5 cm. ; epicarp velvety pubescent; rind thin ; locules five, each 
with fleshy, edible aril, not all with perfect seeds. 

Epicarp hairs partly short, pointed, thick-walled, warty, partly 
jointed, capitate; mesocarp with stone cells groups and volatile oil 
cavities; endocarp cells tangentially elongated. Aril of large cells. 
Spermoderm with spirally reticulated, thick-walled outer epiderm. 
Endosperm of thick-walled cells divided into daughter cells. Cotyledons 
containing minute starch grains, some in aggregates up to 12 ii, 

CHEMICAL COMPOSITION.~The edible fruit pulp of samples 
grown in the Philippines, as analyzed by Pratt and Del Rosario ^ and 
by Adriano/ contained as follows: 


Composition of L^msAT Pulp 



Pulp 

in 

fruit 

Solids, 

total 

Solids, 

insol. 

Pro- 

tein 

Fat 

Acids 

as 

citric 

Sugars, 

reduc- 

ing 

Su- 

crose 

Fiber 

Ash, 

total 

Ash, 

alk.^ 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

cc. 

P. and Del R.f 
Adriano: 

80 

19.9 

1.6 

1.13 


1.00 

4.90 

8.01 


0.59 

64 

I 

m 

13.3 


0.76 

0.14 




0.44 

0.65 

. . 

II 

75 

14.4 


1-22 

0.60 




0.70 




* Cc. A^/10 acid per lOO grams pulp, t Weight of fruit 20 grams. 


Phosphorus-Organic Compounds. Fhytzn, — Bagaoisan ^ reports 1.10 
per cent, dry basis, in the edible portion. 

SAHTOL 

Sandoricwn Koetjape (Burm.) Merr. = S. indicuzn Cav. 

Like its relative the langsat, this fruit is a native of jMalaysia. 
According to Pratt and Del Rosario, it is grown in large quantities 
throughout the Pliilippiaes and is eaten raw or cooked with sugar 
and candied to make “ santol paste.’’ 

MACROSCOPIC STRTJCTIJRE. — The nearly globular reaches 
5 cm. or more in diameter. It has a tan-colored hairy epicarp forming 
with the outer mesocarp a thick hard rind. The jelly-like inner meso- 
carp, extending to the center of the fruit in five rays, is the edible 
portion. A thin hut tough endocarp lines each of the five locules in 
which is suspended a seed, without an aril, reaching 2.5 cm. in length. 
The straight embryo consists largely of the two fleshy cotyledons. 

1 PMlipphe J. Sci. 1913, 8, 59. abid., 1932, 21, 53- 

* Philippine Agr. 1925, 14, 57. 
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MICROSCOPIC STRUCTURE. Pericarp.—The strxicture differs 
from that of the langsat in that (1) the pointed epicarp hairs are thicker- 
walled and longer, often over 200 p, (2) mesocarp stone cells are lacking, 
and (3) the mesocarp pulp cells are thicker-walled in the outer part 
and thin-walled in the inner (edible) part. 

Spennoderm. — Cells brown, characterless, and not well differen- 
tiated. 

Emhiyo. — The cotyledons contain nximerous rounded, truncated, or 
angular starch grains, up to 8 p, some of which are in aggregates. Vola- 
tile oil cavities, such as are present in the langsat, are lacking, but 
numerous cells, especially toward the periphery, are of a bright yellow 
color due to resinous contents. 

Chief STRtrc'XtJRAii CHARA.CTERS,-~See Langsat. 

CHEMICAL COMPOSITION.—The edible fruit pulp of samples 
grown in the Philippines, as analyzed hy Pratt and Del Rosario ^ and 
by Adriano, Manahan, and Barros,^ contained as follows: 


CoMPOsraiON OF Santol. Pulp 



Pulp 

in 

fruit 

Solids, 

total 

Solids, 

insoL 

Pro- 

tein 

Fat 

Acids 

as 

citric 

Sugars, 
reduc- 
ing ' 

Su- 

crose 

Fiber 

Asb, 

total 

Ash, 

alk.* 


% 

% 

% 

%> 

% 

% 

% 

% 

% 

% 

cc. 

P.and DelR.t 

70 

20.30 

6.4 

0.86 


1.35 

3.08 

1.66 


0.S8 

70 

A. M. and B. 

61 

13.56 


0.91 

1.43 




2 .30 

0.78 



* Cc. iV/10 add per 100 grams pulp, t Weight of frmt 85 grams. 


Phosphorus-Organic Compounds. Phyim. — Bagaoisan'^ found about 
0.43 per cent, dry basis, in the edible portion. 

^ Philippine J. Sci. 1913, 8, 59. 

* Philippine Agr. 1929, 18, 119. 

3 Ibid. 1932, 21, 53. 



FRUITS OF THE SPURGE FAMILY 

{Euphorhidceae) 

Tvo succulent fruits, embiic and bignay, are described. The 
Otabeite gooseberry (not described) belongs to the same genus as 
embiic. The castor bean (Ridmts communis L.) and the candlenut 
(Aleurites moluccana Willd.) are members of the same family. 

COMPARATIVE MACROSCOPIC STRUCTPRE.—Bignay is a 
drupe, embiic a stone fruit with three locules, each containing two tri- 
angular seeds. The seeds of both species haye a bulky endosperm and 
axial embryo. 

COMPARATIVE MICROSCOPIC STRUCTURE.— Neither fruit 
shows eyidence of latex tubes in the pericarp or conspicuous crystalloids 
in the endosperm which are characteristics of some members of the 
family. In both the mesocarp contains scattered stone cells and the 
endocarp consists largely of stone cells. 

COMPARATIVE CHEMICAL COMPOSITION.— Bignay is 
strongly acid and non-saccharine. Analyses of the other species are 
not ayailable. 

BIGNAY 

Antidemia Bunius Spreng. 

According to Pratt and Del Rosario, this agreeably acid fruit is 
plentiful in all parts of the Philippines and is eaten with fish. The 
tree is dicecious and a native of Malaysia. 

MACROSCOPIC STRUCTURE. — The numerous greenish flowers 
and the red fruits are borne in spikes. Each fruit is a nearly globular 
drupe, about 12 mm. in diameter, crowned with the remains of the 
styles. The stone is pointed, has two sharp edges, and is wrinkled on 
the two sides. It contains a. single locale with only a single anatropoiis 
seed in the specimens examined^ although the oyary is stated to be two- 
ovuled. The straight embryo is central in the bulky endosperm. 

MICROSCOPIC STRUCTURE.— The Pericarp consists of (1) 
epicarp of isodiametric, faintly beaded cells, with colored contents, also 
occasioncal stomata; (2) mesocarp of rounded, often somewhat radially 
elongated, pulp cells and in the inner part a few rounded, rather thin- 
walled stone cells containing a brown substance ; and (3) endocarp of 
stone cells, in the outer part branching and interlocking, in the inner 
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part of simpler form and longitudinally elongated; also numerous thin- 
walled cells each containing a single oxalate crystal 

The Speimoderm is much simpler in structure than that of emblic 
and castor bean. Only three layers are present: (1) outer epiderm of 
thin-walled, brown cells somewhat tangentially elongated; (2) colorless 
cells, several thick, tangentially elongated, often crossing, and distinctly- 
beaded as seen in surface view, among which run the raphe bundles; 
and (3) hrewn cells with thin w-alls. 

Endosperm.' — The tissue is bulky and consists of aletirone cells. 

Embryo. — The thin cotyledons consists of small cells and procambium 
bundles with characterless contents. 

CHiEr Stbuctuhal Characters. — Emit small (12 mm.), drupace- 
ous; stone wrinkled, with two sharp edges, one-celled, one-seeded; 
endosperm bulky. Seed anatropous; embryo central with thin coty- 
ledons. 

Mesocarp with thin-walled stone cells; endocarp of (1) branching 
and interlocking stone cells, (2) simple stone cells, and (3) thin-walled 
cells with single oxalate crystals. Spermoderm simpler than in emblic. 
Endosperm and embryo characterless, starch-free. 

CHEMICAL COMPOSITIOIT. — The fruit flesh of a sample grown 
in the Philippines, as analyzed by Pratt and Del Rosario,^ contained 
as follows : 

Composition of Bignay Pulp 


WeiKht 

Pulp in 
fruit 

Solids 

Protein 

Acids as 
citric 

Sugars, 

reducing 

Sucrose 

Ash, 

total 

A.sh, 

alk.’* 

p:- 

% 

% 

% 

% 

% 

% 

% 

cc. 

0.3 

80 

5.2 

0.75 

2.78 

0.00 

0,00 

0.78 

96 


* Cc. N/IO acid per lOO grams pulp. 


EMBLIC 

Fhj/llanthus JEinhlica L. = Emhlica officinalis Gaertn. 

Ger. Graue Myrobalanen. 

The tree is a native of Asia but is cultivated in Puerto Rico and 
other tropical regions. The fruit is eaten out of hand or preserved. 
Since lire leaves and bark are rich in tannin the tree is sometimes known 
as in 3 Tobolan. The species, however, should not be confused with 
smaller Madras myrobolan (Tenninak'a Ckebulalietziiis = Myrohdanus 
^ Philippine J. Sci. 1913, 8, 59. 
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Chehula Gaertn.) and large or Bombay myrobolan (Terminalia citrina 
Eoxb.)j the fruits of which, are not edible but are used in tanning. The 
Otaheite gooseberry (Phyllanthus aoidus Skeels) yields fruit used for 
pickling and preserving. 

MACROSCOPIC STRUCTURE. — In this genus the speialous flmcers 
are on the plan of three, with usually three stamens, styles, and cells of 
the ovary, but often twice that number of sepals. The fniit of the 
emblie is apple-shaped, 2 to 3 cm. in diameter. The stone is hexagonal 
with slightly incurved sides and contains three diamond-shaped locules 
formed by three partitions extending from alternate angles to the 
center. Each locule is completely filled by two triangular seeds with 
a thin, brown, mottled spermoderm, a bulky endosperm, and a central 
emhryo. An inconspicuous caruncle covers the micropyle. 

MICROSCOPIC STRUCTURE. — The Pericarp consists of (1) epi- 
carp of rounded, polygonal, rather thick-walled cells, showing beads on 
treatment with sodium hydroxide, and occasional stomata; (2) mesocarp 
of characterless, rounded pulp cells interspersed toward the endocarp 
with fibro-vascular bundles and rounded stone cells, and in the very 
innermost portion with radiating bundles of narrow, elongated, very 
thick-walled stone cells; and (3) endocarp, 20D to 300 thick, of a 
dense tissue of stone cells, radially elongated in the middle part, with 
yellow-brown contents. 

Spermoderm.— The structure resembles that of the spermoderm of 
the castor bean, the layers being: (1) outer epiierm of rounded-polygonal, 
brown cells with irregularly thickened walls; (2) suhepiderm of trans- 
versely elongated, thin-walled cells; (3) sclerenchyma cells, radially 
(125 /i) and longitudinally elongated, with narrow lumen, forming a 
palisade layer; (4) cross cells similar to those of the suhepiderm but 
longer; and (5) brown cells one or two thick. A narrow band of com- 
pressed cells within the fifth layer may belong to the spermoderm or 
the perisperm. 

Endosperm. — Typical aleurone cells, containing small aleurone grains 
and oil, form the bulk of the seed. 

Embryo.— The tissues are characterless. 

Chief Stkxjctural Chahactehs. — Fruit apple-shaped, 2 to 3 cm., 
with hexagonal three -loculed stone, each locule containing two triangular 
seeds. 

Mesocarp with (1) rounded and (2) narrow, radially elongated stone 
cells; endocarp of stone cells. Spermoderm with five layers, the third 
of sclerenchyma cells forming a palisade layer. Endosperm of aleurone 
cells. 



FRUITS OF THE CASHEW FAMILY 

{Amcardiacese) 

Several trees of tMs family yield edible fruits or seeds. In the 
mango, also ambareha, red mombin, and other species of ^'pondm, it is 
the mesocarp that is edible; in the pistachio and cashew nuts (see 
Yokme I) it is the cotyledons; and in the cashew apple it is the fleshy 
peduncle. 

The non-edible mesocarp of the cashew nnt contains the same toxic 
principles as poison sumac and poison ivy {Mub). 

COMPARATIVE MACROSCOPIC STBUClXim.—lhe flowers are 
normally on the plan of five hut the superior ovary and the fmit of 
pistachio, mango, and cashew are one-loculed. 

COMPARATIVE MICROSCOPIC STRUCTURE.— Elongated oleo- 
resin passages occur in the mesocarp and cotyledons of mango, cashew, 
and species of Spondias, and in the peduncle of cashew (cashew apple). 
These are oval in cross section, encircled by flattened cells, and are 
apparently lysigenic except in the cotyledon of cashew where they are 
irregular in shape, surroimded by palisade cells, and apparently schizo- 
genic. 

Starch and chromatophores occur in the mesocarp of mango and starch 
in the mesocarp of species of Spondias, 

All the species have a hard and stony or leathery endccarp which 
consists largely of thick-walled fibers running into the mesocarp (mango, 
red mombin), of thick-walled fibers and stone cells (ambarella), of 
hrauching, interlocking stone cells (pistachio), or of palisade cells 
(cashew). 

A thin but distinct endosperm, with usually one or more rows of 
aleurone cells and a compressed tissue, is present in all the species but 
mango. 

Elongated starch grains abound in the cotyledons of mango and 
cashew. Traces of starch are present in the cotyledons of pistachio but 
only aleurone grains in the species of Spondias. Starch abounds in the 
cashew apple. 

COMPARATIVE CHEMICAL COMPOSITION. -The edible por- 
tion of the fruits of this group is moderately or highly saccharine and of 
low acidity. The nature of the volatile oil that contributes a marked 
flavor to the mango is a subject for study. 
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MANGO 

Mangifera indica L. 

Fr. Mangue. Sp. Mango. It. Mango. Ger. Mango. 

De Candolle presents conclusiTe evidence that the mango is a native 
of India, where it has been cultivated since prehistoric times. Popenoe ^ 
divides the varieties, which cMer as much as those of the apple in form, 
size, coloration, and flavor, into four groups. In addition to being rich 
in sugar and acid, the fruit has a peculiar aromatic flavor due to a 
volatile (essential) oil found in special oleoresin cavities which, taken 
in conjunction with the fibrous strands distributed through the flesh, 
give the fruit characters quite distinct from those of other fruits. When 
well ripened, it is a dehcious dessert fruit and used green or ripe makes 
good salads. It retains reasonably well its flavor on canning and 
preserving. 

The mango was introduced toward the end of the nineteenth cen- 
tury into Florida and California where it is now successfully grown and 
shipped to northern centers but as yet is 
not generally known and appreciated. 

MACROSCOPIC STRUCTURE. ‘-Nu- 
merous flowers are borne in panicles of 
which only a small percentage is perfect, 
the remainder being staminate. Each jZoioer 
is less than 1 cm. in diameter, the five 
hlunt petals being twice the length of the 
five pointed sepals, all arising from the base 
of a raised disk. The petals are further dis- 
tinguished by orange ridges near the base. 

Only one perfect stamen, home inside the 
disk, is ordinarily developed. The small one- 
celled ovary has a lateral style. 

The fruit (Fig. 248) is a drupe, varying 
up to more than 15 cm. long. It is unsym- 
metrical with excentric, rounded or tapering 
base and excentric, rounded or beaked apex. 

When not beaked, the apex is recognized by 
the scar of the style. The surface is smooth, 
varying in color from green to yellow, sometimes with a red cheek, 
according to variety, and indistinctly spotted by oil passages of the 
mesocarp. The stone is flattened and covered with a mass of loose 

' Manual Trop. Snbtrop. Fruits, New York, 1920, p. 80. 



Fig. 248. — Mango. Fruit. 
Longitudinal section. Mes 
mesocarp (fruit flesh) with 
fibers; End endocarp 
(stone); /S spermoderm ; 
Cot cotyledons entire. The 
small radicle directed up- 
ward is beneath x. X %. 

(A.L.W.) 
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filers which grow into the succulent mesocarp. Within the stone, a 
/{hin lustrous, irregularly streaked spermoderm encloses the much- 
distorted and folded, fleshy embryo or, in the case of the polyem- 
bryonic cambodiana group, normally two or more embryos. 

MICROSCOPIC STRUCTURE.— Griehel i describes tissues of the 
pericarp and seed. Our studies were made on material furnished by 
Professor Cowles, University of Puerto Rico. 

Pericarp (Fig. 249). — Five layers are well marked: (1) epioarp (epi) 
of small cells with much-thickened walls and cuticle and rounded lumen; 
(2) hypoderm (Jiy) of large cells in several rows with thick porous walls, 
also oleoresin passages (res) ; (3) mesocarp {mes) of sac-like pulp cells 



Q. 249. Fig. 250. 

Fig. 249. — Mango. Elements of pericarp in surface view, epi epicarp; hy hypo- 
derm with, res oleoresin passage; mes mesocEirp pulp cells with chronaatophorcs 
and starch grains; cr endocarp crystals; / fibers; sp spiral vessel; r reticulated 
vessel; si stone cell; i inner layer. X 160. (K.B.W.) 

Fig. 250. — ^Mango. Elements of seed in surface view. Spermoderm: aep outer 
epiderm, s spongy outer parenchyma, p inner parenchyma, iep inner epiderm. 
C epiderm of cotyledon. X 150. (K.B.W,) 

containing occasional starch grains and orange chromatophores, also 
oleoresin passages and fibro- vascular bundles running from the endo- 
carp ; (4) endocarp of fiber and fibre- vascular bundles, extended in dif- 
ferent directions, the fibers (/) being thick- and thin-walled and often 
grotesque, also accompanying crystal fibers with both single and rosette 
crystals (cr) ; and (5) inner layer or endocarp proper (i) of cells with 
thick, wavy, porous walls. 

The association of numerous fibers with pulp cells in the mesocarp 
gives the fruit its peculiar texture, the pulp cells being broken and 
tom away from the fibers on chewing. 


^ Z. Unters. Lebensm. 1928, 66, 89^ 
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AMBAHEIIA 

S])mdias cytherea Sonn. = S. d'ulcis Forst. 

Tr. Pomme C5^1iere. Port. CajA-manga. 

Popenoe ^ prefers the name ambarellaj used in Ceylon, to Otaheite- 
apple, current in some English colonies. This species, a natiye of 
Polynesia, is widely cultirated in the tropics and sul 3 ~tropics. 

MACROSCOPIC STRUCTURE. — ^The polygamous white inflores- 
cence is similar to that of the mango but the ovary has normally five 
one-ovuled locules and as many styles. 

The fruit is a drupe, the largest of the common species, reaching 
8 cm. in length, and is yellow in color. Closely grovn to the mesocarp 
is the light brown atom with five locules, the woody tissue over each 
forming a longitudinal ridge bristling with narrow, sharp, spreading 
spines, suggesting somewhat the butternut. 

In each locule is a single seed, consisting of a thin spermoderm and 
endosperm and a straight embryo with fleshy cotyledons and short 
radicle. 

MICROSCOPIC STRUCTURE. Pericarp.— The tissues may be 
grouped into five layers: (1) epicarp of small, rounded, thick-walled 
cells and occasional stomata; (2) hy^oderm of several rows of thick- 
walled, indistinctly porous cells of increasing size; (3) mesocarp of 
thinner-walled, rounded pulp cells, containing numerous starch grains, 
also many irregularly distributed oleoresin cavities and, especially in 
the inner part, fibro-vascular bundles; (4) endocarp made up of thick- 
walled fibers, especially abundant in the spines and in the inner portion 
where they are transversely elongated, also rounded stone cells, each 
containing a single large oxalate crystal; and (5) inner layer of some- 
what thickened, wavy-walled cells. 

The starch grains are large, irregularly ellipsoidal, up to 55 ju long, 
with a somewhat excentric hilum, often crossed by a rift, or small 
occurring in small aggregates. 

Especially noticeable are the oleoresin passages, which do not occur 
ill the hypoderm, and are not limited to a single row in the mesocarp. 

Spermoderm. — This is thin consisting of (1) outer eyiderm with thin, 
indistinctly beaded walls and dark brown contents and (2) compressed 
parenchyma forming several rows. 

The Endosperm is thicker than the spermoderm and consists of (1) 
several rows of aleurone cells with small aleurone grains and (2) com- 
pressed porenckyma. 

1 Manual Trop. Subtrop. Fruits, New York, 1920, p. 155. 



734: 


FRUITS 


Embryo. Cotyledons . — Beneath an outer epiderm of longitudinally 
elongated cells is the mesophyl consisting of small cells, containing 
minute aleurone grains, and distributed among these cells occasional 
oleoresin passages. 

Chief Structural Characters. — Fruit large with spiny endocarp 
and fi^e locules. Spermoderm and endosperm thin. Embryo straight 
with fleshy cotyledons and small radicle, 

Mesocarp of pulp cells containing ellipsoidal starch grains up to 55 /u 
with excentric hilum and oleoresin passages ; endocarp made up of fibers 
and rounded stone cells each with a large single crystal. Spermoderm 
and endosperm characterless. Cotyledons composed of ground tissue 
containing minute aleurone grains and occasional oleoresin passages. 

CHEMICAL COMPOSITION.— Thompson 1 analyzed the edible 
part of the ambarella {S. cytherea), known in Hawaii as wi apple, and 
of the hog plum (S. lutea), Pratt and Del Rosario ^ analyzed the edible 
part of the red mombin (S. Mombin), known in the Philippines as 
airihudas. All available data on the group are here tabulated: 


Composition op Flesh op Spondias Feuits 



Flesh 

in 

fruit 

Solids, 

total 

Solids, 
in sol. 

Pro- 

tein 

Fat 

Acids 

as 

tar- 

taric 

Sugars, 

reduc- 

ing 

Su- 

crose 

1 

Fiber 

Ash, 

total 

Ash, 

alk.* 



% 


% 

% 

% 


% 

% 

% 

cc 

Ambarella .... 

65 

14.53 

2,48 

0.50 

0.29 

0.73 

7.09 

3.45 

0.86 

0.44 


Red mom bint 

50 

13.00 

4.30 

0.63 


0.53 

8.08 

5.97 


0,27 

27 

Hog plum .... 

48 

11,47 

0.83 

1.38 

0.57 

1.50 

9.41 

0.00 

1 ,17 

0.66 



* Cc. A7^0 acid per 100 grams pulp, t Weight 20 grams. 


RED MOMBm 

Spondias Mombin L. = S. pm'purea Mill. 

Fr. Mombin rouge. Sp. Ciruela. Ger. Mombinpflaiiine. 

This fruit, also known as the Spanish plum, is a native of tropical 
America. It is eaten fresh, dried, and cooked. 

MACROSCOPIC STRUCTURE.— Both the flowers and the fruit 
are purple, the latter resembling in size a large olive. The stonsj sepa- 
rated from the mesocarp, is not so spiny as that of the ainbaredla. The 

^ Hawaii Agr. Exp. Sta. Rep. 1914, p. 62. 

2 Philippine J. Sci. 1913, 8, 59. 
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samples examined were without perfect seeds, although spermoderm 
tissues were occasionally present. 

MICROSCOPIC STRUCTURE. — The structure of the Pericarp 
differs from that of the ambareha chiefly in that ( 1 ) the mesocar^ pulp 
cells are radially much elongated, thin-walled, and contain rounded 
starch grains, up to 25 }ij with central hilum, and (2) the endocarp 
consists of fibers with few if any stone cells. 

The Spennoderm is thin and brown and only the outer epiderm is 
well differentiated but the walls of that layer are more distinctly beaded 
than in amharella. 

Chief Sthucttjeal Characters. — Distinction from ambarella 
noted above. 

CHEMICAL COMPOSITION.~See AmbareUa. 

CASHEW APPLE 

Anacardium ocddeniale L. = Cassurium pomiferum Lam. 

Fr. Acajou. Sp. Maranon. It. Anacardo. Ger. Kaschu. 

The general characters of this species, also the structure and com- 
position of the pericarp and seed (nut), are described in Volume I. 

The cashew apple is highly aromatic and agreeably astringent. 
From it are prepared preserves, punches, and wine. The tree yields 
timber and a varnish used as an insecticide. 

MACROSCOPIC STRUCTURE.— The 
cashew apple (Fig. 226, Volume I) is unique 
among fruits in that it is morphologically the 
enlarged peduncle or fruit stalk, considered by 
some to he receptacle. It is bright yellow or 
scarlet, up to more than 8 cm. long. 

MICROSCOPIC STRUCTURE. Peduncle 
(“FruiF^). — Cross sections (Fig. 251) bring 
out (1) epiderm of isodiametric or somewhat 
elongated polygonal cells, up to 25 p, but no 
stomata; (2) hypoderm of several rows of 
starch-free cells; and (3) starch pai'enchyma 
[am) in which are oleoresin cavities (oO, up to 
500 p, or more, surrounded by flattened colls, 
and fibro-vascular bundles in a mass of elon- 
gated cells. 

The darch grains are mostly round, up to 
15 fjL, with a round central hilum and indistinct 
rings. Twins and triplets also are present, the 



ible fruit iiesh ( pethin- 
cle) in cross sod ion. 
am starch parenrhYiiia; 
al oleoresin cavity. 
X 160. (AX.XV.) 
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individuals showing, when separated, truncated surfaces of contact. 
Brilliant crosses are formed with polarized light. The oleoresin cavities 
are larger than in myrtaceous fruits but not so numerous. They are 
irregularly distributed throughout the tissue. A mass of narrow, 
elongated, parallel-walled cells makes up the bulk of the tissue in and 
about the Jibro-vascular bundles. The vascular elements are large, up 
to 45 spiral or spirally reticulated vessels. Double and loosely wound 
spirals are noticeable. 

Chief Structural Characters. — ^Peduncle fleshy, red or yellow, 
up to 8 cm. long. 

Epiderm of polygonal cells without stomata; parenchyma contain- 
ing round or truncated starch grains, up to 15 oleoresin cavities 
up to 500 II ; bundles accompanied by mass of elongated cells. 

CBOEMICAL COMPOSITIOK. — A. specimen of cashew apple from 
Cuba analyzed by Chace, Tolman, and Munson ^ and one from the 
Philippines analyzed by Pratt and Del Rosario ^ contained as follows : 

Composition of Cashew Apple Flesh 


Weight 

Flesh 

in 

fruit 

Solids, Solids, Pro- 
total insol. tein 

Acids Sugars, 
as reduc- 
malic ing 

Su- 

crose 

Ash, 

total 

Ash, 

alk.* 

g- 

Cuban .... 70 

86 

12.84 

0.42 

6.37 

0.39 

0.36 

30 

Philippine . 

90 

14.0 2.6 o.n 

0.32 

10.28 

0.31 

0.37 

34 


* Co. iV/10 acid per lOO grama fruit. 


Srinivasan ^ calls attention to the high content of sugar and the 
practicability of preparing syrup from culls. The juice of one sample 
contained dry matter 10.4 and sugar (chiefly invert) 9.8 per cent. 

^ U. S. Dept. Agr., Bur. Chem. 1904, Bui. 87. 

2 Philippine J. Sei. 1913, 8, 69. 

® jr. Indian Inst. Sci. 1934, 17A, 85. 



FRUITS OF THE SOAPBERRY FAMILY 

(SapiThdacese) 

In addition to tlie litelii and longan, eonsidered below, the rambutan 
{Nephelinm lappaceum L.) and the pTilasan {N. mutabile BL), both 
natives of Malayasia, as well as other related species, yield fruits with 
succulent arils. 

COMPARATIVE MACROSCOPIC STRUCTURE.— The ccdyx is 
four- to five-toothed, lobed, or parted; petaU may be present or absent; 
the ovary commonly is three-lobed and each lobe one-ovuled but the 
bladdery Sr^it is one-seeded. Only the aril has food value. Excepting 
an opening at the top this completely envelops the seed. The seed, 
or its embryo, is often abortive. When present it is anatropous with 
a thick spermoderm but without endosperm. 

COMPARATIVE MICROSCOPIC STRUCTURE.—The aril con- 
sists of tissues characterized by their elongated (sometimes up to more 
than 1 mm.) form and more or less beaded walls. Visible contents are 
characterless. 

COMPARATIVE CHEMICAL COMPOSITION.— The arils are 
highly saccharine and scarcely at all acid. Both reducing sugar and 
sucrose are present- 

LITCHI 

Litchi chinmsis Sonn. = Nephelium Litcki Camb. 

Ger. Litchipflaume. 

Various phonetic spellings have been given for the name of this 
fruit, as is often true of distinctly oriental products. Authorities agree 
that the species is indigenous to southern China. The fruit is at its 
best when fresh although much used dried and canned, especially in 
the Chinese Quarters of American cities. The dried fruit is often known 
as litchi nut, which is a misnomer, since it is the succulent aril that is 
edible and not the dry endosperm or embryo. 

MACROSCOPIC STRUCTURE. — ^Petals are lacking in the incon- 
spicuous flowers; the calyx is several toothed. The fruit is red, becom- 
ing brown on drying. The pericarp (Tig. 252, I) is brittle and is char- 
acterized by the numerous short cones with polygonal bases which 

737 
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rotighen the surface. Within the pericarp and free from it is the single 
seed (III) surrounded by the white, succulent, agreeably acid aril 
forming a sac with a small opening in the end. On drying the aril (11) 
becomes dark colored and changes somewhat in flavor. 

The seed is stated by Popenoe ^ to be shriveled and not viable in 
some grafted varieties, but in seedlings it is as large as a good-sized 
castor bean. As shown in Fig. 252, III, the seed conforms to the latter 
description, being dark brown, lustrous, about 2 cm. long, with a hard 
stone-like spermoderm but without an evident embryo. 

MICROSCOPIC STRUCTURE. Pericarp.—The tissues (not 
edible) are as follows: (1) epicarp of small polygonal cells, each con- 
taining a single oxalate crystal; (2) stone cells ^ one or more thick, char- 



PiG. 252. 




Pig. 253. 


Fig. 252. — Litchi. I portion of pericarp (shell) after removal of seed. II seed 
enclosed in dried aril. Ill seed after removal of aril X V 2 . (A.L.W.) 

Fig. 253.— Litchi. Aril in surface view. Left; outer epiderm and subepiderin 
seen from without. Light: inner epiderm and adjoiniug layer seen from within. 
X160. (K.B.W.) 


acterized usually by their radial elongation and brown contents; (3) 
mesocary, many cells thick, with ground tissue varying from rounded 
porous cells to spongy parenchyma, and fibro-vascular bundles; and 
(4) endocarp of two crossing layers of somewhat thickened elongated 
cells. 

Aril (Fig. 253).— The cells of the different layers are mostly longi- 
tudinally elongated and sometimes end to end in rows. In Lie middle 
layers they often reach the remarkable length of 1 mm. The cells of 
the iimej' epiderm have porous walls and those in the row immediately 
adjoining have strongly thickened and very distinctly porous walls. 

Spermoderm. — The three brown layers are (1) outer epiderm of 
palisade cells, up to 40 p high and half as broad, with porous, somewhat 

^Manual Trop. Subtrop. Fruits, New York, 1920, p- 322. 
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thickened walls; (2) hr middle layer of cells with porous, thickened 
walls, the thickness diminishing inward, and raphe bundles; and (3) 
inner epiderm of small, transversely elongated, thin-walled cells. 

Endosperm. — Always absent. 

Embryo, — Lacking in specimens examined. 

Chief Structural Characters. — Pericarp red (brown on drying) 
with conical warts, polygonal at base. Aril fleshy; seed lacking or 
lacking embryo; spermoderm if present hard, lustrous. 

Aril of more or less elongated cells, some reaching 1 mm. Inner 
layers with thickened and beaded walls, 

CHEMICAL COMPOSITION. — Analyses of the edible portion (aril) 
of litchi nuts imported from China have been made by Blasdale ^ and 
by Read.^ The arils of Blasdale sample constituted 46 per cent of 
the whole nut and were obviously air dry. 



Water 

Pro- i 
tein 

Eat 

Acids 

as i 
citric 1 

Sugars, 

reduc- 

ing 

Su- 1 
erose 

Fiber 

1 

Ash 


% 

% 

% 

% 

% 

% 

% 

% 

Blasdale 

14.94 

2.91 

1.44 


66.58 

4.47 


2.21 

Lead 

40.80 



0.21 

52.90 

0.00 

0.40 



Marloth^ from small immature, medium, and large litchis obtained 
respectively: juice 50.5, 45.8, and 50.8 per cent; and in the juice, solids 
18.3, 17.6, and 18.4, acid 1.6, 1.3, and 1.11 per cent, the solids-acid ratio 
being 11.2 ; 1, 14 : 1, and 16,4 : 1. 

LONGAN 

Euphcria Longana Lam. = Nepkelmm Longana Camb. 

Lr. Oeil de dragon. Ger. Drachenauge. 

Among the various phonetic spellings for this fruit are long-yen, 
linkeng, lingeng, longyen, and yuenngan, the latter appearing on the 
label of the canned fruit, packed in Canton, found on sale in the Chinese 
district of New York City. 

The tree, believed to be indigenous to India, is mudi grovui in China 

1 U. S. Dept. Agr., Off. Exp. Sta. 1899, Bui 68. 

2 J. Am. Chem. Soc. 1918, 40, 817. 

® Farming S. Africa, 1934, 9, 423, 438. 
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aad the Malayan region, also to some extent in California and Florida. 
The fruit is considered less desirable than the litchi. It is eaten fresh, 
dried, and canned. 

MACROSCOPIC STRUCTURE. — Euphcria, with its several species, 
is distinguished from Litchi by the five-parted calyx and the presence 
of a corolla. The fruit of the longan is buff or yellowish, usually some- 
what smaller than that of the litchi. 

MICROSCOPIC STRUCTURE.— In the structure of the ard the 
longan does not materially differ from the litchi. Such slight differences 
as have been noted may not hold for all specimens. 

CHEMICAL COMPOSITION. — ^The edible portion (aril) of samples 
analyzed by Blasdale ^ and Thompson/ constituting respectively 40 
and 58 per cent of the whole nut, contained as follows: 



Water 

Pro- 

teiu 

Pat 

Sugars, 

reduc- 

Su- 

crose 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

% 

Blasdale 

10.94 

5.01 

1.04 

27.34 

37.50 


2.31 

Thompson 

82.39 

1.42 

0.45 

5.99 

2.35 

0.64 



As in the case of the litchi nut, Blasdale ’s sample was obviouslj 
dried. 

1 TJ. S. Dept. Agr., Off. Exp. Sta. 1899, Bui. 68. 

2 Hawaii Agr. Exp- Sta. Rep. 1914, p. 62. 



FRUITS OF THE BUCKTHORN FAMILY 

(Rhamnaceae) 

The species yielding the highly saccharine, mildly acid edible drupes 
described helow belong in one genus, Zizyphns, 

CHmESE JUJUBE 

Zizyph'us J'ujula Miller. = Z, mlgans Lam. = 2, saiim Gaertn. 

Fr. Jizjabe. Sp. Amfaifa. It. Giuggiolo. Ger. Bmstbeere. 

Since very early times tbe jujube has been cultivated in China under 
the name tsao. Meyer, ^ who explored the fruit orchards of China, 
states that probably not less than one hundred varieties are cultivated 
there, the fruit being eaten dried, preserved in sugar, stewed, and 
smoked, A delicious sugared form, known as honey jujube, resembles 
in appearance the Persian date. Dried jujubes are sold in the Chinese 
Quarters of American cities. 

Pliny writes that the tree was introduced into Europe during the 
reign of Augustus. Recently it has been introduced into the United 
States by the Bureau of Plant Industry. 

The fruit of the Indian jujube or Indian fig (Z. mauritiana Lam. = 
2. J'ujula Lam.) is orange; that of the lotus jujube (Z. Lotm (L.) 
Wild.) of northern Africa is smaller than the Chinese and Indian 
species. As is true of many cultivated plants, the species are not sharply 
marked. 

MACROSCOPIC STRUCTURE.— Small five-merous, greenish or 
yellowish Jlcwers, with usually two-loculed (seldom three- or four- 
loculed) ovary and two styles, characterize the genus. The fruit (Fig. 
254) is a plum-shaped drupe, up to 2.5 cm. long, of a dark red or brown 
color. The stone {end) is furrowed. Of the two locules (L), one may 
contain a perfect seed (II), in which case that locule is larger than the 
other, but often both are empty (I). The endosperm (E) is thick on 
the sides, the embryo straight with thick cotyledons (C) and short 
radicle. 

MICROSCOPIC STRUCTURE (Fig. 255).— The Pericarp (F) in 

cross section is seen to have six layers: (1) epicarp (epi) with thick 
^ U. S- Dept. Agr., Bur. Plant, Ind. 1911, Bui. 204. 
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outer walls and dark contents; (2) hy'poderm {hy) of small flattened 
cells with yellow walls; (3) mesccarp (mes) of large, rounded, thin- 
walled, colorless pulp cells and, especially in the channels of the stone, 
delicate fibro- vascular bundles (/v); (4) outer endocarp of isodiametric 
stone cells (st), with colorless walls and yellow-brown contents, forming 
a thick, irregular layer; (5) inmr endocarp of transverse fibers (/) in 


several rows; and (6) irmer layer or endocarp 
proper (end) of thin-walled, yet porous, trans- 
versely elongated, cells. 

Spermoderm (S) . — Three layers are present : 
(1) 'palisade cells {pal) with thick brown walls, 
a light line, narrow lumen expanding into a 
bulb in the center, and a broad cavity at the 
inner end; (2) compressed parenchyma {p), 
several cells thick ; and (3) inner epiderm (iep) 
of small brown cells, conspicuous in surface 
view because of their nearly square form and 
thickened porous walls. 



I ri 



riG. 254. 


Fig. 255. 


Fig. 254.— Jujube. Fruit in cross section, I without seed, II with seed. F fruit 
flesh; end endocarp; S sperniodcrm ; E endosperm; C cotyledons; L empty 
locules. X 2. (K.B.W.) 

Fig. 255. — Jujube. Fruit aud seed in cross section. F pericarp: ejn cpicarp, 
hy hypoderm, mes mesocarp with jv hbro-vasciilar biindlo, st stone colls of outer 
endocarp, / fibers of inner endocarp, end inner layer. S spermoderm: jml pali- 
sade cells with I light line, p connpressed parenchyma, iep inner epiderm. N 
perisperm. E endosperm. C cotyledon. X 160. (K.B.V.) 


In surface view the middle lamella of the palisade cells is beaded. 

Perisperm {N).—A narrow structureless band. 

Endosperm {E ). — The cells have walls of medium thickness and 
contain small aleurone grains and fat. 

Embryo.—The cells of the cotyledons {C) are thin-walled and 
contain small aleurone grains. Palisade cells occur beneath both epi- 
derms. 
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Chief Stcructtieal Charactehs. — Fruit plum-like, dark red or 
brown; stone furrowed, two-loculed. Seeds one or more; endosperm 
thick on sides; cotyledons thick. 

Mesocarp characterless; endocarp of stone cells and fibers. Sper- 
moderm with palisade cells enlarged at center and base. Endosperm 
made up of aleurone cells. 

CHEMICAL COMPOSITION.—Blasdale ^ gives the composition of 
the pulp of dried jujubes from the Chinese Quarter of San Francisco. 
ChuTcli 2 reports the results of physical and chemical examinations of 
the pulp of fresh and dried jujubes grown at the IT. S. Plant Introduction 
Garden, Chico, California. 


Composition of Jujube Pulp 



Sam- 

ples 

Water 

j 

Pro- 

tein 

Fat 

Acids 

as 

citric 

Sugars, 

reduc- 

ing 

1 

Su- 

crose 

1 

Pec- 

tin 

Fiber 

Ash 

l 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Blasdale : 
Dried 

1 

13.44 

2.93 



42.19 

13.00 

i 


i 1.73 

Church: 

Fresh 

Min 

10* 

60.06 

0.90 

0.26t 

0.27 

5.92 

0.00 

0.17t 

0.87 

0.74 

Max. 


73.96 

1.55 

0.30t 

0.54 

22.10 

20.20 

0.49t 

1.69 

1.02 

Aver. . . . 


66.36 

1.16 

0.28t 

0.43 

11.91 

12.22 

0.36t 

1.27 

0.86 

Dried 

Min 

4§ 

11.13 

3.13 


0.67 

25.87 

2.46 


2.30 

1.94 

Max 


22.43 

5.53 


1.31 

55.03 

34.49 


3.60 

2.92 

Aver. . . . 


16.24 

4.42 



1.16 

39.24 

20.78 


3.17 

2.32 


* Weight of fruit S to ISgrams; pulp in fruitOl to 96%. t 2 samples. J: 4 samples. § Weight of 
fruit 3 to 8 grams; pulp in fruit 85 to 89%. 


The seeds of the jujube, as analyzed by Sherman and Wang,'^ con- 
tained: water 21.32, protein 2.28, fat 0.36, nitrogen-free extract 72.56, 
fiber 2.22, and ash 1.26 per cent. 

Mineral Constituents. — Percentages of ash in the seed-free pulp 
of 2 varieties, and analyses of ash by Benoy,*^ are here given. The 
high alkalinity of the ash is shown by the marked preponderance of 
basic constituents. 

1 U. S. Dept. .Vgr., Off Exp. Sta. 1899, Bui. 68. 

S. Dept. Agr. 1024, Bui. 1216, p. 24. 

® Philippine J. Sci. 1929, 38, 69. 

<3. Agr. Ees. 1929, 39, 949. 
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Composition op Ash op JuruBE Pulp (Benoy) 



Ash 

K 2 O 

Na .20 

CaO 

MgO 

Fe 208 

MnO 

P 2 O 5 

SO 3 

Si 02 

Cl 


% 

% 

Yc 

% 

% 

% 

% 

% 

% 

% 

% 

I. 

1.03 

56.40 

1.65 

5.42 

4.46 

0.12 

1.11 

1.04 

1.85 

0.28 

4.08 

II. 

1.42 

54. 78 

1.29 

5.60 

3.53 

0.12 

0.99 

0.64 

1.40 

0.27 

3.49 



FRUITS OF THE GRAPE FAMILY 


The grapes all belong to tbe genus Vitis. So far as noted, European 
and Ameiican. grapes differ little in structure, excepting the thicker outer 
wall of the epicarp of tie American species. 

AMERICAN GRAPE 

Yitis Lahrusca L., V. sestivalie Michx., F. rotUTidifoUa Miclix., etc. 

Although the number of species of grape indigenous to North America 
is larger than in any other region, the fruit of all taken together does 
not equal in importance that of the single European species F. vinifera. 
Nevertheless numerous varieties have been developed from native 
species which in the Eastern States furnish table fruit through a limited 
season and unfermented juice for bottling. Grafting scions of European 
varieties on the stocks of American species has proved to be the best 
method of combating Phylloxera. 

The northern fox grape (F. Labmsca) is the parent of the famous 
Concord (black) , the Catawba (red) , and other common varieties. The 
Niagara (white) and the Brighton (red) are hybrids of V. Lalrmca 
and T. vinifera. Other Lahrusca hybrids are designated as to their 
origin in a subsequent table under Odorous Constituents. The Summer 
grape (F. sestivalis)^ regarded by some as a variety of V. Lahrusca, is 
the parent of certain wine varieties, and the Muscadine or southern fox 
grape (7. Totmdifolia) of the Scuppemong, also a well-known wine 
variety. 

Of all American yarieties, the Concord is the most extensively 
grown both on a large scale and in the home garden, the fruit being 
used for dessert and the production of sterilized bottled grape juice. 
It is not, however, well suited for wine making, nor do any of the 
strictly American varieties yield a wine meeting the demands of the 
epicure. As a dessert fruit, American grapes are remarkable for the 
variety and delicacy of their flavors, although the tough skin, ■which 
is rejected in eating, the tough fruit flesh, and the high acidity of the 
inner pulp make them less attractive to most consumers than fruit of 
the European species. 
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Haisins are not made from American grapes, partly because the fruit 
is not suitable and partly because the climate does not permit sun drying. 
On the other hand, excellent jam and preserves are made from them, 
although strange to say the wild fruit, which because of the excessively 
thick rind and tough fruit flesh is not relished uncooked, is preferred 
to the cultivated fruit for this purpose, 

MACROSCOPIC STRUCTURE— All the species are polygamo- 
dioecious. The numerous fragrant but inconspicuous greenish yellow 
flowers have a minute calyx, five petals united at the tip and separating 
only at the base, five stamens alternating with as many glands on a 


disk, and a two-loculed ovary each locule normally 
with two anatropous ovules. 

The fruit is a black, red, or yellow-green berry, 
often with a bloom. The number in a bunch varies 
greatly. On removing the stem, usually the disk 
and a portion of the central fruit tissues, consist- 
ing of fibro- vascular bundles and some soft tis- 




Fig. 256. Fig. 257. 

Fig, 256.' — American Grape. Seed. I ventral side, II dorsal side, III cross section, 
lY longitudinal section. H hilum; M micropyle; Ch chalaza; R raphe; S 
spermoderm; E endosperm; Em embryo. X 2. (K.B.W.) 

Fig. 257. “American Glrape. Outer pericarp in cross section, epi epicarp with 
cuticle; hy hypoderm; mes mesocarp with sugar crystals as formed in alcoholic 
specimen. X 160. (K.B.W.) 


sues, are carried with it. When fully ripe the translucent, whitish 
green or pink, delicately veined pulp may be removed from the 
rind by pinching with the thumb and first finger, this being the 
common practice in eating. The normal number of seeds (four) is 
seldom present. 

The seeds (Fig. 256) are pear-shaped, on the ventral side (I) with 
two longitudinal grooves between which is the raphe (E) and on the 
dorsal side (II) the chalaza (Ch) also near the base, the micropyle 
(M) . A cross section (III) shows that the inner hard tissues of the 
spermoderm (S) are more deeply grooved than the outer, also that the 
endosperm (E) is horny. So minute is the embryo (lY, Em), located 
near the smaller end, that it is visible only after careful study of longi- 
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tudinal sections. It is best brought out by soaking the seed for several 
days in water or better very dilute sodium hydroxide, after which it 
separates entire. 

MICROSCOPIC STRUCTURE.— Hanausek ^ describes briefly with- 
out illustrations the structure of the pericarp of the European grape, 
later Hanausek,^ Vogl, Villier and Collin, and other authors of treatises 
give data for the detection of grape seeds as an adulterant of coffee. 
Howard^ notes the character of certain pulp tissues including the 
bundles. 

The description and illustrations which follow are of the Concord 


. epi ret 


Fig. 258. 




Tig. 260. 


Fig. 258. — American Grape. Elements of pericarp in surface yiew. epl epicarp; 
7ne8 mesocarp with raphides; / bast fiber; cr crystal fiber; sjt spiral, ret reticu- 
lated, and pi pitted vessels; end endocarp. X 160. {K.B.W.) 

Fig. 25S. — American Grape. Elements of seed in surface view. Significance of 
reference letters as in Fig. 260. X 160. (ER.W.) 

Fig. 260. — American Grape. Seed in cross section. S sperinoderm ; acp outer 
epiderm, p parenchyma with r raphides, st stone cell layer with cr crystals, lat 
lattice cells, iep inner epiderm. N perisperm. E endosperm with al aleiirone 
grains. X 160. (K,B.W.) 


grape to which all other American grapes we have studied conform in 
structure. A comparison of the histology of the American and the 
European grapes is given under the latter. 

Pericarp (Tigs. 257 and 258).— The tissues are in four layers passing 
one into the next, namely (1) epicarp {epi) of polygonal cells, with 
thick outer walls and porous radial and inner walls; (2) hypoderm {hy') 
of polygonal cells, with porous walls, increasing in size inward and 

1 NTahr.-Geiuissm. Kassel, 1884, p. 182. 

^ Dammer: Xex. Verfals. Leipzig, 1885, 1,38S. 

3 IJ. S. Dept. Agr., Bur. Chem. 1905, Bui. 66, 103. 
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passing into (3) mesocar'p (mes) of laige, tMn-walled, rounded cells 
(showing sugar crystals in alcohol material), occasional raphides cells, 
and numerous fibro-vascular bundles with spiral (s'p), pitted (pi), and 
reticulated (ret) vessels, crystal fibers (or), and long bast fibers (/); 
and (4) endocarp (end) of polygonal cells. 

In black and red varieties the coloring matter is dissolved in the 
sap of the epicarp and hypoderm. These tissues also give the tannin 
reaction with ferric chloride solution. 

The spiral vessels often have double thickenings. In the smaller 
bundles all the vessels are spiral Bast fibers are more numerous in 
European grapes of the Tokay type, as noted in the following section. 

Alwood 1 notes the presence of minute cream of tartar crystals in 
the outer mesocarp cells but not in the inner main pulp tissues or those 
immediately surrounding the seed. Chemical analysis confirmed these 
observations. 

Spennoderm (Fig. 259; Fig. 260, S). — There are five wcll-inaiked 
layers*. (1) outer epiderm (aep) of large, transversely elongated, cutic- 
ularized, porous cells; (2) parenchyma (p), some of the cells contain- 
ing raphides; (3) stone cells (st), usually two deep, characterized by 
their brown color, radial elongation, and the presence of a single oxalate 
crystal in an amorphous mass; (4) lattice cells (lat) characterized by 
their brown color, narrow width, transverse elongation, and delicate 
markings; and (5) inner epiderm (iep) of light brown, nearly isodia- 
metric, porous cells. 

The parenchyma forms a thin layer, except in the giooYes where it 
is nauch thicker. In the grooves, on the other hand, the stone cell layer 
is thinner, often only one cell thick. The lattice cells show well their 
details of structure after bleaching with Labariaque solution and 
staining with safranin. 

Perispenn (Fig. 260, N ). — This is reduced to a structureless band 
seen in cross section. 

Endosperm (Figs. 259 and 260, E ). — The bulk of the seed consists 
of the rather thin-walled aleurone cells of the endosperm. These are 
remarkable for the aleurone grains (up to 25 u) which, mounted in 
turpentine, show well-developed crystalloids, calcium oxalate rosettes, 
and large globoids. Some contain only one of these bodies, others two 
different kinds such as a crystalloid and a rosette, or a globoid and a 
rosette, or a crystalloid and one or more globoids. 

Chief STBtrcruKAL Characters. — Berry round, smooth, blue- 
black, red, or yellow-green, two-loculed, four-seeded or less. Seed pear- 
shaped with two grooves; endosperm horny; embryo minute. 

1 J. Agr. Res. 1914, 1, 513. 
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Mesocarp with raphides cells; fibro-vascxilar bundles with spiral, 
reticulated, and pitted Tessels, also occasional bast and crystal fibers. 
Spermoderm with raphides cells, radially elongated stone cells, lattice 
cells, and porotis-walled inner epiderm. Endosperm with alearone 
grains (25 ja) containing crystalloids, globoids, and oxalate rosettes. 

CHEMICAL COMPOSITION. — ^The average of 5 analyses of the 
edible portion given in Atwater and Bryant’s Compilation,^ showing 
water 77.4, protein 1.3, fat 1.6, total carbohydrates including fiber 19.2, 
and ash 0.5 per cent, leaves one tmeertain as to whether the fruit is of the 
American or European type and throws no light on the content of sugar 
and acid. 

Analyses of 49 American varieties reported by Green ^ showed 8.8 
to 16.6 per cent of total sugars calculated as dextrose in the whole grape 
and 10 to 2.0 per cent of acids calculated as tartaric in the juice. 

American Grape Juice. — Passing over analyses of commercial grape 
juice of uncertain origin, the composition of this popular bottled bever- 
age is well illustrated by analyses reported by Gore and by Hartmann 
and Tolman — all government analysts — the product having been pre- 
pared on a commercial scale but under supervision. 

The juice of varieties derived from T, roinndifolia (Scuppemong, 
Mish, and James) and of two of the commonest varieties derived from 
F. Lahrmca (Concord and Catawba), as analyzed by Gore,^ contained 
as shown below. The juices of the rotundifolia varieties were deficient 
in total sugars but contained appreciable amounts of sucrose as dis- 
cussed in a subsequent section. 


Composition op Americaij Grape Juice (Goes) 



Sam- 

ples 

Solids 

Pro- 

tein 

Acids 

as 

tar- 

taric 

Tar- 

trates’*' 

Invert 

sugar 

Su- 

crose 

Tan- 

nin 

Ash, 

total 

Ash, 

alk.t 

P2O5 

Scuppemong. 

1 

% 

14.77 

% i 

0.07 : 

% 

0.72 

0.45 

% 

13.42 

Fo 

0.07 

% 

0.026 

Fo 

0.16 

cc 

16 

Fo 

0.015 

Mish 

1 

16.67 

0.14 

0.81 

0.53 

12.88 

1.90 

0.027 

0.22 

23 

0.014 

James 

1 

13.47 

0.07 

0.44 

0.30 

12.33 

0.00 

0.035 

0.19 

17 

0.012 

Concord : 

Min 

6 

19.27 

0.27 

0.68 

0.55 

17.04 

0.00 

0.06 

0.27 

27 

0.026 

Max 


22.17 

0.45 

1.02 

0.71 

18.95 

0.00 

0.44 

0.32 

32 

0.048 

Catawba. . . . 

1 

20.07 

9.42 

0.93 

0.67 

17.98 

0.00 

0.06 

0.27 1 

24 

0.026 


* A.S tartaric acid, t Cc. A^/10 acid per 100 ec. juice. 


^ U. S- Dept. Agr., Off. Exp. Sta. 1906, Bui. 28 rev. 

2 Minnesota Agr. Exp. Sta. 1892, Bui. 26, 237. 

3 J. Ind. Eng. Chem. 1909, 1, 436. 
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During three years a study of the manufacture of bottled Concord 
grape juice at six factories, one in the Hudson River district, four in 
the Chautauqua (New York) district, and one in the Lake Erie (Ohio) 
district, was carried out by Hartmann and Tolman.^ The process 
employed was in six stages (1) crushing and stemming, (2) heating, 
(3) pressing, (4) sterilizing and bottling, (5) siphoning, and (6) rebottling 
and pasteurizing. Among the special points investigated were the 
influence of heating the crushed fruit at 57 ° to 65^" C. prior to pressing, 
which is the usual process, the influence of different degrees of pressure, 
and the changes during storage, data on all of which, together with the 
composition of 104 juices, are summarized helow: 


CoMPOSiTiOK or CoircoRD Grape Juice (HARTMAJfn- and Tolman) 
(Gramms per 100 cc.) 


Acids Tar- Tar- Cream Tan- 

Solids taric of nin Ash, Ash, 

sugar hoi tar- acid, acid, tar- and total Alh* 

taric total free tar color 


Cold Pressed ; 

Min 15.66 13.38 0.74 0.55 0.00 0.42. 0.06 0.20 25 

Max 17.20 14.36 0.84 0.65 0.24 0.62 0.08 0.27 37 

Aver 16.36 13.93 0.78 0.61 0.16 0.60 0.07 0.23 30 

Hot pressed: 

Min 16.44 13.29 1.01 0.94 0.12 0.71 0.19 0.33 42 

Max 18.50 15.12 1.16 1.04 0.33 1.05 0.24 0.46 61 

Aver 17.43 14,03 1.09 0.99 0.22 0.88 0.21 0.39 61 

Free run 16.70 13.42 1.08 0.99 0,27 0.41 

High pressure. . . 17.10 13.48 1.27 1.11 0.31 

Fresh : 

Min 16.99 13.25 0.98 0.85 0.13 0.64 0.15 0.34 40 

Max 19.76 16.39 1.27 1.03 0.31 O.SO 0.28 0.44 54 

Aver 17.92 14.64 1.14 0.94 0.21 0.77 0.22 0.39 49 

Stared 4 months: 

Min 16.41 13.34 0.83 0.58 0.13 0.47 0.13 0.22 28 

Max 19.18 16.15 1.10 0.84 0.28 0.63 0.22 0.32 38 

Aver 17.39 14.62 1.01 0.70 0.22 0.53 0.18 0.27 32 

6 Factories, 3 yrs. 

Min 14.20 11.52 0.02 0.81 0.50 0.12 0.30 0.07 0.22 22 

Max 20.78 17.53 0.37 1.28 1.01 0.36 0.79 0.37 0.37 51 

Aver 18.33 16.31 0.12 1.01 0.74 0.23 0.54 0.24 9.29 34 


' Cc. V/10 aoid per lOO ce. juice. 


U. S. Dept. Agr., 1918, Bill. 656. 
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Changes in Compositioii dtiring Ripening. — Alwood, Hartmann, 
Eoff, Ingle, and Sherwood ^ conducted experiments at Sandusky, Ohio, 
and Charlottesville, Virginia, with the following varieties: Catawba, 
Clinton, Concord, Delaware, Ives, Horton, and Cynthiana. Although 
analyses were made at intervals of 3 to 4 days to over a week, the general 
character of the changes is well illustrated by the results on the fruit 
and juice of one variety, Catawba, obtained at the beginning of the 
experiment and after full ripeness was reached. 


Composition of Oatamha Geapes and Geape Juice before and after Kipening 

(Atwood et al.) 



Solids 

Sugar 

Total 

acids 

Tar- 

taric 

Tar- 

tiiric 

Other 

fixed 

acids 

Cream Alkali- 
of earth 

Ash, 

Ash, 


as 

invert 

as 

tar- 

taric 

acid, 

total 

acid, 

free 

tar- 

tar 

tar- 

trates 

total 

alk.* 

Bruit: 

Sept. 4. . 


3.29 

3.15 

0.90 

0.40 

2.50 

0.46 

0.15 

0.38 

36 

Oct, 23.. 


13.26 

1.27 

0.75 

0.07 

0.86 

0.72 

0.11 

0.47 

41 

Juice : 

Sept. 4t. 

8.24 

3.48 

3.56 

1.16 

0.76 

2.60 

0.38 

0.10 

0.23 

27 

Oct. 23 1 

17.34 

U.Ol 

1.19 

0.60 

0.07 

0.85 

0.55 

0.09 

0.31 

36 


’*'Cc. N/10 acid per 100 grama of substance, t Weight of 100 berries 160 grams. $ Weight of 
lOO berries 214 grams. 


Noyes, King, and Martsolf,^ in studies on the Concord grape, state 
that after ripening reaches a certain point changes in sugar are irregular. 
Tannin and coloring matter are much higher in hot- than in cold- 
pressed juice. 

Inft-uence of Season on Composition of Grape Juice. — Analyses of 
the juice of 49 varieties of American grapes, grown at Ahnehuid, New 
Jersey, which fruited during each of 5 years and of 16 others which 
fruited irregularly during that period were made by Caldwell.'^ Among 
the points brought out is the widespread but errat ie occurrence of sucrose 
in grapes, indicative in some degree of iinnuiturity. It is noted that 
conditions permitting a inaxiinum acciimulat ion of sugars also tend to 
reduce the titratable acidity and astriiigency. The author concludes 
that the variation encountered in fruit of a given varit‘ty when grown 

^ Ibid, 1916, Bui. 335. 

2 J. Ass. Off. Agr. Cbeni. 1922, 6, 197. 

2 J. Agr. Res. 1925, 30, 1133. 
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in one locality is much less than when grown in different sections. The 
extremes in composition of a few of the common varieties and of all 
varieties and samples during the five years appear in the table which 
follows: 

Vacations in Composition op the JmcE op American Grapes Grown in One 
Locality por 4 to 5 Years (Caldweel) 


Acids 


Years Solids 


as 

tar- 

taric 


Sugars, Invert, 
total sugar 


Su- 

crose 


|Astrin-| 

gency, 

total* 


Tan- 


Astrin- 

gency, 

non- 

tarmin* 


% g- 

Brighton: 5 

Min 23.66t 0.57 16.96 16.96 0.00 1.05 t 0.43t 0.60^ 

Max 24.16t 0.75 23.08 23.08 0.54 1.66t 0.73t 0.96$ 

Catawba: 

Min 19.94t 0.82 16.64 16.60 0.00 1.16t 0.26t 0.77t 

Max 21.64t 1.23 20.66 20.66 1.91 1.64 t 0.56t 0.98t 

Clinton: 

Min. 21.46t 1.63 17.02 16.40 0.00 l.llf, O.OSf 1.04t 

Max 21.78t: 1.76 22,44 22.44 1.30 1.75t 0.64t l.Slf 

Concord : 

Min 16,621 0.77 13.44 13.23 0.00 0.94 ] 0.40t 0.50$ 

Max 16.97t I.IS 15.20 15.02 0.52 1.87f 0.87J l.OOf 

Delaware: 

Min 21.21 0.70 17.21 16.82 0.00 0.68t 0.151 0.53t 

Max 26.08tj 0.84 25.25 24.80 0.45 0.73t O.lSf 0.65$ 

Isabella: 

Min 18.23t 0.78 16.36 12.25 0,00 0.93t 0.24t 0.57t 

Max 18.84t 1.33 18.53 17.66 4.10 0.95t 0.36t 0.7lt 

Ives : 

Min 16.24t 0.55 12.96 11.74 0.041 l.Olf 0.14t 0.87t 

Max 17.68t 1.42 16.39 15.67 2.80|: 1.86t 0.61t 1.25t 

Niagara : 

Min 17.60t 0.61 14.58 14.25 0.00 0.78t 0.13$ 0.65$ 

Max 18.83! 0.75 17.00 17.00 0.56 1.271 0.191 1.13$ 

Worden: 

Min 0.58 11.41 9.75 0.00 0.951 0.221 0.73t 

Max 16.34! 1.07 15.60 14.79 5.57 1.671 0.611 1.05$ 

All varieties:!. 

Min 12.92 0.53 9.37 8.80 0.00 0.22 0.03 0.38 

Max 26.08 2.10 25.25 24.80 5.57 4.01 2.35 1.90 


* Gramus per liter, f Two years. J Three years. § 290 samples. 

Tatty Oil of Seed. Physical and Chemical Values . — Beal and Beebe/ 
1 J. Ind. Eng. Chem. 1915, 7, 1054. 
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by extraction of seeds of V. riparia witli petroleum ether, secured a 
yield of 19.38 per cent of oil with values as follows: specific gravity 
at 15° C. 0.9425; refractive index at 25® C. (recalculated) 1.4745; 
saponification number 187.8; iodine number 76.5; acetyl number 61.3; 
insoluble fatty acids 90 per cent, with neutralization value 173.4; liquid 
acids 95 per cent and solid acids 5 per cent of total fatty acids; iodine 
number of liquid acids 01.8, of solid acids 3.12; mean molecular weight 
of solid acids 268.6. 

By decortication and pressure, Uabak ^ secured from seed of the 
Concord grape 14.5 per cent of oil which on refining yielded volatile 
acids 0.47, insoluble acids 94.75, solid acids 7.17, and liquid acids 85.41 
per cent. The mean molecular weights of the insoluble, solid, and 
liquid acids were 287.8, 264.5, and 290.8 respectively. Physical and 
chemical values of the oil are given in the following table: 


VA.LUES or Concord Grape Seed On (Rabjik) 



Sp.gr. 
15° C.* 

Eef. 

index 

25-0. 

Solid. 

pointf 

"C. 

Sap on. 
No. 

Iodine 

No. 

Acid 

No. 

Crude oil 

0.9272 

1 .4720 

-20 

193.4 

134.1 

1.21 

Refined oil. 

0.9268 

1 .4720 

-23 

192.2 

136.8 

0.74 

Insoluble acids 

0-9111 

1 .4637 

+9-5 

+541: 

-8.2 

— 

137.0 

194. 9§ 
212. 1§ 

Liquid acids 

0.9144 

1.4652 


144.7 

192. 9 § 


* Recalculated, f A.verage. t Melting point. S Neutralization value. 


Mikshich and Rezhek^ found that the oil from seeds of the variety 
Noah, a hybrid of the American species 7. riparia and V. lalrusca, 
grown in Yugoslavia, showed: specific gravity (temp. ?) 0.9221; iodine 
number 135.1. 

Co 7 np€sitiorL.-~'From their neutralization value and their calculated 
molecular weight, the solid acids found by Beal and Beebe ^ were 
calculated to consist of palmitic acid 64.3 and stearic acid 35.7 
per cent. By fractional crystallization of the brominated liquid 
acids, were obtained linoleic acid 56 and oleic and ricinoleic acid 
44 per cent. 

1 Ibid. 1921, 13, 919. 

2 Bill. soc. chim. roy. Yougoslav. 1930, 1, 29, 32. 

® Loc. cit. 
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Calculation of the composition of the oil examined by Habak^ 


gaYe: 


% 

Stearin 2.3 

Palmitin 5.2 

Olein 35.9 

Linolein 53.6 

Unsapon. matter 1.6 


98.6 

Mikshich and Rezhek^ found erucic acid in the oil from the seeds 
of the Noah variety. Taufel and Thaler^ doubt the presence of erucic 
acid. They were unable to find any acid with a molecular weight greater 
than that of stearic acid. 

Acids.^ — ^Nelson/ by the ester distillation method, identified Umalic 
acid (about 60 per cent) and d4artarie acid (about 40 per cent) in the 
Concord grape. In this variety, Hartmann and Hillig/ by the penta- 
bromoacetone method, were able to find a small amount of citric acid. 

Alwood,® in corrohoration of microscopic observations, found that 
while the juice expressed from the hulls is very low in tartaric acid, the 
residue, although less than half as acid as the pulp, is nearly as rich in 
free tartaric acid and cream of tartar as the inner pulp. 

The combinations in which the tartaric acid exists and the acid 
content at different stages of maturity are considered under Changes 
in Composition During Ripening. 

Carbohydrates. — Yarious continental authors have stated positively 
that the sugars of the European grape ( V. viniferd) consist entirely of 
invert sugar and that sucrose is absent. Studies by Roos and Hugues^ 
of American varieties grown in France led to the same conclusion. 
Gore, however, in 1908 ^ secured distinct evidence that sucrose is present 
in appreciable amount in grapes of the rotundifolin group, and some years 
later® he extended the search to 66 American varieties and through 
four successive seasons. He found that 43 varieties contained no 
sucrose, 10 contained it occasionally, and 13 contained it frequently. 
To the last-named class belong CampbelTs Early, Colerain, Early 

1 J. Ind Eng. Chem. 1921, 13, 919. 

2 Loc, eit. 

^Fettehem. Umschau 1934, 41, 196. 

^ J. .Am. Chem. Soc. 1925, 47, 1177. 

^ J. Ass. Off. Agr. Chem. 1928, 11, 257. 

^Loc. cit. 

7 Ann. fals. 1910, 3, 202. 

®Loc. cit. 

® J. Ind. Eng. Chem. 1916, 8, 333. 
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Victor, Eden, Lad 7 , Moore’s Early, Nectar, Pocklington, Scuppemong, 
Thomas, Woodruff, and Herbert. 

Alwood,^ also Alwood and Eoff,^ found as high as 10.36 per cent of 
sucrose in the immature berries of a seedling, apparently of the Lahriisca 
group, and oyer 7 per cent at full maturity. The table aboye, showing 
Caldwell’s analyses, adds further evidence on the occurrence of sucrose 
in American grapes, also, as that author notes, on the irregularity of 
its occurrence and its usual but not invariable correlation with imma- 
turity. 

Pectins. — Willaman and Kertesz^ remove the turbidity of grape 
juice by an enzyme produced by Penwillinm glaucum which converts 
most of the pectin into soluble substances and precipitates a portion 
together with other suspended matter. About two-thirds of the pectin 
is removed, according to Green and Kertesz,'^ During storage both 
pectin and tartaric acid decrease. 

The pectin extracted by Barbera ^ from European grapes by boiling 
yielded arabinose, xylose, methanol, galacturonic acid, and galactose. 
It contained more ash and less methoxyl than pectin from oranges and 
rosaceous berries. 

Colors. — Anderson,® in the varieties Norton and Concord, and 
Anderson and Nabenhauex,^ in the variety Clinton, probably a deriva- 
tive of 7. ri'paria and 7. Labrusoa^ found a pigment differing from the 
enin of the European grape and its hybrids in that it contained only 
one methyl group. It was shown to be the monoglucoside of the mono-" 
methyl ester oj delphinidin. Other anthocyanins are possibly present. 
Anderson as noted in his Bulletin showed that the anthocyanin in the 
variety Seibel, a hybrid derived from 7. vinijera, is enin inherited 
from its European ancestor. 

Parisi and Bruini ^ prepared from the variety Eogarina an antho- 
cyanin and anthocyanidin, having the same reactions as those from 
the American species 7. riparia, which they regard as proof that the 
variety is an American-European hybrid. 

Odorous Constituents .^ — Methyl ardhranilate, the methyl ester of 
o-amidobenzoic acid, C 6 H 4 (NB[ 2 )(COOCH 3 ), the chief odorous consti- 
tuent of orange flowers, and one of several of jasmine, gardenia, and 

Ubid. ISIO, 2,481. 

Hbid. 1916, 8,354. 

® Eew York State Agr. Exp. Sta. 1931, Tech, Bui. 178, 3. 

« Ibid. 1931, Tech. Bui. 181. 

6 Ann. tec. agr. 1933, 6, Eo. 3, 1, 229, 350. 

U.Biol. Chem. 1923,57,795. 

^ Ibid. 1924, 61, 07; New York Ap;r. Exp. Sta. 1928, Tech. Bill. 146. 

^Staz. sper. agr.ital. 1926, 69, 130. 
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tuberose flowers, bergamot leases, and sweet orange rind, in dilute 
solution, bas an odor closely resembling that of Concord grape juice. 

Power, 1 employing principles previously used in an analytical method 
devised by Erdmann,^ developed a process which m the hands of Power 
and Chesnut ® showed amounts of the ester varying up to 2 mg. per 
liter in red grape juice of the Concord type and up to 0.2 mg. per liter 
in light-colored juices. In few cases were absolutely negative results 
obtained. 

Sale and Wilson ^ found that, out of 55 varieties of American grapes, 
only 15 — and not in all cases in some of these — contained anthranilic 
acid ester (calculated as methyl anthranilate), none of these being of 
the pure vinifera type, although several were derived in part from that 
species. Although the percentage was highest in the skins, appreciable 
amounts occurred in the pulp. Determinations were also made of the 
volatile esters and volatile acids. Selected results axe tabulated below, 
the parent species being indicated by the following symbols : L, Vitis 

FuAVOEiirG Matteb of American Gkapes (Sale and ‘Wilson) 



Anthranilic 

Volatile 

Volatile 

Anthranilic 
acid ester in 
voL esterst 


acid ester* 

esters t 

acids t 


mg. per k. 

mg. per k. 

mg. per k. 


Fruit; 





Campbell (LV).. 

0.00 

360 

70 

0.0 

Diana (LVA) . . . 

0.00 

48 

48 

0.0 

Clinton (RL) , . . 

0.00 

8 

7 

0.0 

Brighton (LV). . 

0.12 

64 

71 

0.1 

Cloeta (LiRuiv) 

0.00 

20 

48 

0.0 

Delaware (LBV) 
Concord (L) .... 

0.36 




Min 

0.91 

57 



Max 

All varieties: 

3.80 

170 

50 


Min 

o.oo§ 

II 

311 


Max 

3.80§ 

366|) 



Skin and Pulp: 





Skin juice ...... 

4,40 

128 

63 

2.0 

Pressed skin .... 

19.60 

127 

68 

9.0 

Drained pulp . . . 

3.00 

154 

49 

1.1 


* As Eoetfciyl anthranilate, t As ethyl acetate, t As acetic acid. § 55 varieties, 84 samples. 
1134 varieties, 50 samples. 


1 J. Am. Chem. Soc. 1921, 43, 377. » J. Am. Chem. Soc. 1921, 43, 1741. 

* Ber. 1902, 36, 24. * J. Agr. Ees. 1926, 33, 301 . 
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Ldbmsca; V, hotirqmniam; V, V. vinijera] V, ripana; A, F. 
sestivalis; Li, V. lincecumli; and En, F, rupestris. 

The same authors found that the anthranilic acid ester slowly^ dis- 
appeared during storage of the juice. A sample of commercial juice, 
containing 1.35, fortified so as to contain 6,56 mg. per liter, after storage 
10 months contained only 4.05 and after 8 additional months only 0.70 
mg. per liter. 

Scott ^ reports in Concord grape juice 0.80 to 1.40, in Catawba 
grape juice 0.11 to 0.40, and in artificially flav^ored carbonated beverages 
7.1 to 17.5 mg. per liter of methyl anthranilate. Artificial extracts 
contained 0.27 to 0.51 gram per 100 cc. 

Mineral Constituents. — ^Analyses by Eoff as reported by Al'wood 
et al.^ show the mineral constituents of Catawba and Concord grapes 
on September 24. The Catawba berries were 60 per cent pink, the 
Concord berries nearly ripe. Since the increase in ash thereafter is 
slight, it may be assumed that the analyses given below represent fairly 
well the ripe fruit: 



Ash 

KsO 

NasO 

CaO 

MgO 

P2O5 

a 


% 

% 

% 

% 

% 

% 

% 

Catawba 

3.392 

0.177 

0.002 

0.044 

0.026 ^ 

0.051 

0.002 

Concord 

3.445 

0.217 

0.004 

0.080 

0.021 

0.044 

0.001 


Minor Mineral Constituents, /row.— Red grapes 9, Concord skin 13.6, Concord 
pulp 7.4 mg. per kilo, fresh basis (Peterson and Elvehjem).® 

Copper , — Black grapes 8.1 mg. per Mlo (Satterfield and Jones)*. Grapo juice 
0.2 mg. per kilo, fresh basis (Lindow, Elvehjem, and Peterson.** 


EUROPEAN GRAPE 

Vitis vinifera L. 

Ex. Raisin. Sp. Uva. It. Uva. Ger. Traube. 

Kolenati (quoted hy De Candolle) groups the wild vines growing 
between the Caspian and Black Seas — a region believed to be the 
original home of the species — xmder two sub-species. RegePs more 
recent view that the cultivated species is a hybrid of two species appears 
to lack confirmation. 

ilnd. Eng. Chom. 1923, 16, 732. * J. Elisha MitcWl Sci. Soc. 1932, 48, 16. 

2 U. S. Dept. Agr. 1916, Bull- 336. » J. Biol. Chem. 1929, 82, 465. 

3 J. Biol. Cbem. 1928, 78, 215. 
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Grapes of the European type are grown and varieties are developed 
with three ends in view: (1) wine production, (2) table fruit, and (3) 
raisin production. The wine and table grape regions extend from the 
sub-tropical borders of the Mediterranean into the more temperate parts 
of Europe and cover parts of Australia and California. The varieties 
grown both out-of-doors and under glass are numerous and of varied 
character. In California the Zinfandel grape leads as a wine grape. 
Among the table varieties grown there are the Tokay (red), Malaga 
(white). Emperor (red), and Cornichon (black), all well known in 
American markets. Recently the delicious small white seedless 
grape, such as is used for Sultana raisins, has been shipped in large 
quantities. 

Raisins demand for their drying a hot arid climate such as is found 
in Spain, Asia Minor, Greece, and neighboring regions, as well as in 
parts of Australia and California. According to Bioletti, the large- 
seeded California raisin (from which the seeds are removed before 
packing) is commonly the dried Muscat of Alexandria grape, whereas 
the commercial seedless raisin is the dried Sultanina (Thompson Seed- 
less or Oval Kechmish) or Sultana (Round Kechmish) grape. In 
Europe certain types of raisins are dried on the vine after bruising the 
stem to cut off the supply of sap and removal of the leaves. In Cali- 
fornia, Muscatel raisins are dried on trays in the sun. In Europe, 
Yalencia raisins and in California Snltana raisins are dipped in lye, 
then in water to remove the excess of lye, and sulphured before sun 
drying. By this treatment a light-colored raisin is obtained and the 
bloom is removed, but if oil is used in the dipping bath an artificial 
bloom is produced. 

Uflerbaumer^ states that cold-pressed oil (wine oil) from the seeds 
is much used by South German peasants in cooking. The cake is said 
to furnish good food for sheep. 

Xanti currants are small-frnited grapes (V. vinijera var. apyrena) 
grown and sun dried in Greece. 

MACROSCOPIC STRTJCTTJRE. — Classification of the species of 
the genus Vitis is based largely on characters of the leaf, hark, and in a 
lesser degree on the size, color, and minor characters of the berry. 
Neither flowers nor berries show any marked structural differences. 

Whereas American grapes are round, most European varieties, as 
for example Tokay, Malaga, and especially Cornichon, are more or less 
elongated. There are, however, round-berried European varieties, such 
as Black Prince and other black and red varieties with large berries, 
grown under glass. As regards the number and size of the seeds, 
^ Chem. Tmscliau 1916, 23, 20. 
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varieties differ, the number ranging from the normal of four to none 
in the seedless varieties. 

The tender edible rind, the firm but tender pulp, and the lack of a 
tendency of the rind to separate from the palp on pinching are char- 
acters distinguishing the European type from varieties derived from 
American species. 

MICROSCOPIC STRUCTURE (see references under American 
Grape). — Examination of numerous varieties of both the European 
and the American type has failed to disclose any fundamental difference 
between the two. Yariation in the size of the cells has been noted in 
different varieties but the range of this variation cannot be said to be 
materially different in one from that in the other. For example, in a 
specimen of Concord grape the maxinium tangential diameter of the 
epicarp cells was 40 while in a specimen of Tokay grape it was 80 (if 
of Muscatel raisin 30 a,nd seedless raisin 30 ju. In general it appears 
to be true that the size of the cells is greater in varieties with large 
berries than in those with small berries. 

The toughness of the rind of American grapes is largely due to the 
thickness of the outer wall of the epicarp, although this varies greatly 
in different varieties and different specimens of the same variety. 
Bonnet,^ in a comparison of American with a large number of varieties 
of European grapes, obtained the following measurements : V. sesiimlis 
8.3, y. arizonica 5.7, V. herlandieri 8.5, V, cinerea 8, F. coriacea 9.9, 
y. lahrusca 7.6, Y. monticola 6.7, Y. riparia 6.5, V. rubra 7.8, F. rnpestris 
4.6, and V. Vinijera 3.8 jn, all but the last named being American species. 
These figures are consistent with the following measurements made by 
the writers through the center of the outer walls: Concord, two speci- 
mens from different sources, 7 and 8.1 ju; Tokay, two berries from same 
bunch, 3 and 5.4 (i; Muscat raisin 4 ju; seedless raisin 2.7 ju. Although 
these figures furnish histological evidence with regard to the toughness 
of the rind, the difference in the toughness of the pulp of the American 
and European grape is not explained. In both, the walls are thin, but 
in the European grape the fibro-vascular bundles instead of being weaker 
may be tougher, as for example in the Tokay variety, owing to a greater 
proportion of hast fibers. 

The reason why the rind of the American grape is readily pinched 
off from the pulp while that of the European grape remains firmly 
attached is also not apparent, although in the banana and mamey 
the reason for the separation is readily found on examining cross 
sections. 

Hanausek in his cut shows stronger radial development of the stone 
' Ana. Ecole Nat. Agr. Montpellier 1903, 3, 58. 
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cells of the spermoderm in the Malaga grape than in the Zinfandel. 
In a specimen of Malaga grape examined by us, however, the stone 
cell layer was like that found in the Concord grape and by Hanausek 
in the other variety he examined. It would thus appear that the develop- 
ment of this layer, as of others of the pericarp and seed, is not a constant 
character of a variety and much less of the type. 

De Vniiers^ found reducing sugars throughout the fruit except 
around the primary and secondary vascular strands. In the ripe fruit 
tannin was confined to the vicinity of the vascular tissues and the 
suhepidermal layers. Enin, the coloring principle, was in solution in 
the epicarp cells. 

CHEMICAL COMPOSITION. — ^Eata on the composition of the 
wine amd must (juice) or even on the seed and marc are much more 
voluminous and complete than on the pulp or edible portion excluding 
the seeds which, when swallowed whole with the pulp, go through the 
body undigested. The only analyses of the pulp available are either 
antiquated ox incomplete. 

European Grape Juice. — The composition of European grape juice 
or must of different regions and years is brought out by numerous 
analyses (taken from Deutsche Weinstatistik ”) covering fourteen 
pages of Kbnig’s Compilation^ to which the reader concerned with 
this intermediate product of wine manufacture is referred. Notwith- 
standing its hulk, Konig states that his compilation is far from 
exhaustive. 

The averages of 6, 9, and 6 samples of the juice of European varieties 
grown in California, reported by Colby in Reports of the California 
Experiment Station during the years 1887 to 1893, showed respectively; 
total sugars 21.05, 23.47, and 21.68; reducing sugars 21.05, 23.14, and 
19.82; acidity as tartaric 0.646, 0.358, and 0.606; and ash 0.21, 0.37, 
and 0.23 per cent. These analyses may be taken as fairly representative 
of the must as analyzed abroad which only in exceptional cases con- 
tained over 25 per cent of total sugars or 1.25 per cent of acids or less 
than 12 per cent of total sugars or 0.5 per cent of acids. Instances 
where the total sugars reached 35 per cent, because of drying of the 
grapes, or fell to 0.5 per cent, from various causes, call for special com- 
ment. 

Composition of Grape Seeds, Marc, and Cake. — The following 
results hy Margaillan and Rabelle on the seed, by Sdmichon ^ and 

^ Union S. Africa Sci. Bui. 1926, 46, 6. 

2 Chem. mensch. Nalir.-Geniissm., Berlin, 1903, 1, 1100. 

3 Ann. off. nat. comb. Eq. 1927, 2, 825. 

^Soc. aliment, rationn. B6tail.e. r. Cong. 1907, p. 144. 
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Cottier ^ on tlie dried marc, and by Fiichs ^ on tbe cake are of interest 
as sbowing the amount of food material often allowed to go to waste 
in the manufacture of grape juice or wine: 


Composition of Seeds, Marc, and Cake 



Samples 

Water 

Protein 

Fat i 

N-f. ext. 

Fiter 

Ash. 

Seed: 

31 

% 

% 

% 

% 

% 

% 

Min 


9.5 

8.8 

8.5 

25.1 

28.0 

1.9 

Max 


20.0 

11.3 

14.8 

35.0 

41.7 

5.3 

Marc: 

S^michon 

Min 


8.9 

11.45 

5.5 

40.0* 



Max. 


10.9 

11.45 

5.5 

41.0* 


. . . 

Cottier 


6.9 

8.9 j 

7.6 

52. 8t 

19.8 

4.9 

Cake 


10.9 

12.0 

5.0 

33,0 

36.0 

3.0 


* Carboiydratea; includes 1.6% sugar, t Sugar 14.2, 


Pritzker and Jungkunz^ secured a yield of 7.1 per cent of oil by 
hot-pressing grape seeds before fermentation and 11.1 to 13.8 per cent 
after fermentation. The protein content was within the limits shown 
in the above tahle. 

Composition of Raisins and Currants. — Bomtrager^ reports on 
Mediterranean samples as shown in the table below: 


Composition of Raisins and Currants (Bobntrager) 



Samples 

Dirt 

Water 

Acids 

Sugars* 

Ash 



% 

% 

% 

% 

% 

Muscatel (Spain): 

13 






Min 


0.02 

21.80 

1.06 

62.78 

1.13 

Max 


0.06 

28.48 

1.45 

67.76 

2.12 

Zibibbo (Italy) 

1 

0.07 

26.06 

1.31 

67.10 

1.50 

Palestine: 

7 






Min... 


0.04 

19.75 

0.83 

66.03 

1.25 

Max 


0.61 

25.72 

1.62 

73.57 

1.80 

White (Syria): 

8 






Min 


0,05 


0.75 

59.20 

1.58 

Max 


0.21 


1.24 

64.38 

2,10 

Currants (Zanti) ! 


0.23 


1.44 

66.03 

1.72 

Currants (S. Maura) 


0.09 


1.44 

66.03 

1.94 


*21 samples invert sugar only, 6 samples (including currants) levulose exceeds dextrose, 3 sam- 
ples dextrose exceeds levulose, 1 sample considerable excess of dextrose. 


1 Prog. agr. vit. 1929, 91, 695- ® Mitt. Lebensm. Hyg. 1930, 21, 5a. 

1 . Ztg. 19U, 35, 30. htitors, Nabr.-Oeaussin. 1S99, 2, 257. 
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The edible part of 3 samples of American raisins, doubtless from 
California, as given in Atwater and Bryant^s Compilation,^ contained: 
water 7.1 to 21.0, aver. 14.6; protein 2.3 to 3.0, aver. 2.6; fat 0.5 to 
7.2, aver. 3.3; nitrogen-free extract and fiber 71.3 to 78.8, aver. 76 . 1 ; 
and ash 2.0 to 5.0, aver. 3.4 per cent. 

Changes in Composition during Ripening. — It has long been known 
that sugar increases and acid decreases during ripening. For example, 
Haas^ found an increase of total sugar in the juice from 2.79 to 21.60 
per cent and a decrease of acid calculated as tartaric from 3.69 to 0.71 
per cent. Barth, ^ also working on the juice, found an increase of total 
sugar from 144 to 15.24 per cent and a decrease of acid from 3.29 to 
0.84 per cent. In each of these instances the results are averages for 
2 varieties and the period covered was about 2 months. Cillis and 
Odifredi^ secured results comparable with the foregoing, although for 
a slightly shorter period of ripening, the average increase in sugars 
being from 1.16 to 9.61 per cent and the decrease in acid from 3.18 
to 1.86 per cent. 

Brunet ® shows that the free tartaric acid decreases while cream of 
tartar increases during ripening. He found that the ratio of dextrose 
to fructose in the green grape was 3:1, changing to 1:1 during ripening 
and to 1 :1 + during over- ripening. Garino-Canina® and Ferr^ ^ show 
that the loss of acidity during ripening falls almost entirely on the malic 
acid, the tartaric acid remaining nearly constant. Ferrd notes the change 
of malic to lactic acid during the fermentation of wine. 

Baragiola and Godet® review the literature and record in detail 
the results of their studies on the changes during ripening and wine 
manufacture. Proximate analyses of the juice expressed on ten dates 
from August 27 to October 27 are reported by the authors but the trend 
is well shown by four analyses given herewith, the figures in parentheses 
being the percentages of juice in the fruit. See table next page. 

Analyses of the ash of the juice on the first and last dates are given 
under Mineral Constituents. 

Bioletti, Cruess, and Davi,^ in ripening experiments with several 
varieties of the European type during 1914 to 1916, determined, in 

^ IT. S. Dept. Agr., Off. Exp. Sta. 1906, Bui. 28 rev. 

2 Z. Nahrungsm. Enters. Hyg. Waarenk. 1893, 7, 17. 

® Forsehungsb. Lebensm. 1894, 1, 205. 

* Staz. sper. agr. ital. 1896, 29, 685. 

skev. vit. 1912,37, 15. 

® Ann. accad. agr. rorino 1914, 60, 233. 

7 Ann. fals. 1928, 21, 75. 

® Land^v. Jahrb. 1914, 47, 249. 

® Eniv. Calif. Pub. Agr. Sci. 1918, 3, 103. 
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Composition of Must at Difpebent Stages (Baragiola and Godejt) 


(Results in grains per liter) 



Sp.gr. 

Solids 

Protein 

Protein, 

pure 

Invert 

sugar 

Acids, 

fixed 

Acids, 

volatile 

; Ash 

Aug. 27 (76%). 

1.028 

72.6 

2.94 

1.38 

25.8 

33.4 

0.06 

2.80 

Sept. 16 (83%) . 

1.046 

118.8 

4.19 

2.06 

78.8 

25.7 

0,07 

2.84 

Oct 8(77%). 

1.055 

143.7 

5.38 

3.81 

55.5 

17.5 

0.05 

3.11 

Oct. 27(75%). 

1.053 

138.5 

5,75 

4.06 

53.4 

18.3 

I 

0.08 

3.16 


addition to solids and sugar, total acid calculated as tartaric, cream of 
tartar, and free tartaric acid^ the latter being obtained by subtracting 
from tke percentage of total acid the percentage of cream of tartar 
expressed in terms of the acid. The nature of the progressive changes 
is well illustrated by selected results on the Muscat grape. Attention 
is called to the increase of acidity due to an increase in free acid during 
the early stages of growth. 


Composition of Muscat Grape Juice during Growth and Ripening 
(Bioletti et al.) 


(Results in grams per lOO ec.) 



Sp. gr. 
15.5°C. 

Solids 

Protein 

Sugar 

Total 
acid as 
tartaric 

Cream 

of 

tartar 

Free 

tartaric 

acid 

June 12. 

1.0203 

% 

5.35 

% 

0.38 

fo 

0.91 

% 

2.93 

% 

0.65 

% 

2.71 

July 10 

1.0195 

6.14 

0.36 

1.33 

3.60 

0-55 

3.38 

Aug. 7 

1.0582 

16.58 

0.55 

12.72 

1.60 

0.73 

1.31 

Sept. 5 

1.1023 

29.36 

0.65 

23.28 

0.60 

1.17 

0.13 

Sept. 26 

1.1133 

32.89 

0.59 

26.68 

0.56 

1.39 

0.00 


Copeman and Frater,^ reporting on extensive studies involving 6 
varieties of grapes, show that at maturity the increase in sugar and in 
mineral matter comes to a practical standstill. The nitrogenous con- 
stituents appear to be formed from ammonia compounds which conse- 
quently reach a minimum at ripeness. The authors lay stress on the 
sugar-solids and acid-sugar ratios which at maturity vary with the 
variety, 

^ Union S. Africa Dept. Agr. Sei. Bui. 19‘26, 60, 54. 
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Hugues,^ in experiments conducted in France during an exceptionally 
dry season, found that tartaric and malic acids, when calculated to the 
weight of the grapes, decreased during ripening but only the malic acid 
decreased when calculated to 1000 grapes, tartaric acid remaining prac- 
tically constant. 

Heiduschka and Pyriki ^ confirm the results of earlier investigators 
as to the decrease in total acidity during ripening but find that citric 
acid, which in the unripe fruit varies from 0.04 to 0.199 gram per kdo, 
remains practically unchanged. 

Experiments by Moreau and Vinet^ brought out a decrease in 
acid and a strongly marked increase in sugars during the week when 
the chlorophyl disappeared, also a decrease in the ratio of dextrose to 
levulose which continued through another week when the percentages 
of the two were about equal. 

Influence of Soil Fertility and Storage on Composition.— De Villiers^ 
was unable to correlate soil fertility or keeping qualities with chemical 
composition of the fruit. During storage the acidity did not decrease 
or the sugar-acid ratio change to any considerable degree. 

Respiration. — Gore,^ working with 3 varieties, noted a maximum 
evolution of 55 mg. of carbon dioxide per kilo per hour at 34.2° C. 
and a minimum of 2 mg. at 2.9 ° C. Be Yilliers ® notes that temperatures 
above 40° C. at first increased but finally retarded respiration. 

Fatty Oil of Seed. — The analyses of the seed above given show the 
total amount of oil which may be obtained by extraction. The actual 
yield, variously stated from 5 to 22 per cent, depends on the raw material 
and the process. Naturally the yield by cold or hot pressing is much 
less than by extraction; consequently the cake, because of the higher 
content of oil, is of greater value as a cattle food. 

Physical and Chemical Valices . — In the following table the range of 
the early results compiled by Rabek and of recent results are separately 
given. In the latter case the samples represented are 5 by Marre,^ 
1 by Darner,^ 46 by Andr6 and Canal, 19 by Carri5re and Cros,^^ 31 

lAnn.fals. 1929, 22, 463. 

2Z. TJnters. Lehensm. 1929, 68, 378. 

3 Compt. lend. acad. agr. France 1932, 18, 198. 

^S. Africa J. Nat. Hist. 1929, 6,315. 

®U. S. Dept. Agr., Bur. Chem. 1911, Bui. 142. 

® Union S. Africa Dept. Agr. Sei. Bui. 1926, 46, 6. 

^ J. Ind. Eng. Chem. 1919, 13, 919. 

® Rev. g6n. chim. 1911, 14, 186. 

^N. Datota Agr. Exp. Sta. 1913, Spec. Bui. 2, 370. 

Ami. ofif. nat. comp. liq. 1927,2, 585. 

Ibid. 1927,2,601. 
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by MargaiEaa and Rabelle/ 1 by Pritzker and Jungkunz,^ and 1 by 
Otin and Dima.^ The last-named authors, employing the Normann 
method, obtained a hydroxide number of 34.82. 

Values foe European Gteapb Seed Oil 


Sp.gr. 
15° C. 

Refr. 
index 
25° C. 

Solid. 

point 

Mati- 

men6 

No. 

o, , j. iReichert- 

Sapon, lodinel . , . , 

XT XT JVi©lSSi 

No. No. 

No. 

j |Fatty 

' Acetyl acids, 
No. titer 

Early results:. 









Min 0.921. 

1.4713 

-13 

52.0* 

178.3 

94.0 

0.4* 

23.2* 

15* 

Max 0.956 

Recent results : 

1,4760 

-10 

83.0* 

195.3 

142.8 

1.9* 

144.5* 

20* 

Min 0.912 

1 .4681 


81.5 

m.i 

86.2 

0.2 

4.0 


Max 0.962 

1 .4766 


82.5 

208.0 

157.0 

0.8 

81.1 



* Compiled by Le'wkowitscli ■w’ho queries maximtim result for acetyl aumber. 

Composition . — The following figures obtained by K.P. ’’ ^ and by 
Otin and Tima ^ for the European oils (recalculated in the latter case) 
and by Darner ® for oil obtained from seeds of the European type grown 
in California should be compared with those by Rabak and by Beal 
and Beebe giyen under American Grape: 



K. P. 

Tamer 

0. and T. 

Glycerides of: 

Stearic acid 

% 

0.9 

% 

1.0 

% 

2.3 

Palmitic acid 

7.9 

8.6 

6.5 

Oleic acid 

34.5 

29.0 

32.4 

a-Linolic acidl 

54.0 

59.8 

(37.5 

1 8.0 

/Q-Linolic acid / 



Linolenic acid 



0.2 

Hydroxy acids 



12.3 

Unsaponifiable matter 

2.7* 

1,6* 

0.6 





100.0 

100.0 

99.8 


♦ By difference. 

1 Loc. cit. 

2 Loc. cit. 

* Allgem. Oil-Fett Ztg. 1934, 31, 107. 

^ Seifenfahr. 1913, 33, 717, 741. 

® Loc. cit. 

®Loc. cit. 
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Acids. — The presence of both tartaric and malic acids in grapes and 
the gradual loss of malic during ripening have been discussed under 
Changes in Composition during Ripening. 

Citric, succinic, and lactic acids have been reported in the mature 
berry. Kunz ^ was unable to detect citric acid in the must but found 
it in natural wines in minute quantities. Schaffer and Gury 2 found 
as high as 0.08 per cent of citric acid in wine while Mayrhofer^ found 
none. Schindler and Hula6 ^ refer to the natural occurrence of lactic 
acid and consider that it improves the wine of northern grapes but 
not of southern grapes, which are low in acid. In judging wines the ratio 
of lactic to other acids should be taken into account. 

Glyoxalic acid and related acids occur in the unripe berry. S^michon 
and Flanzy^ regard the presence of glyoxyhc and other aldehyde acids 
as indexes of maturity; oxalic acid was not found in fresh must. 

Hexuronic Acid, — A hexuronic acid, melting at 165® C., isolated 
by Cahill® from the purple wine grape, although resembling ascorbic 
acid in certain properties, differs in that it lacks antiscorbutic 
action. 

Carbohydrates. — See American Grape. 

Sorbitol. — Reif ^ found sorbitol, an alcohol derived from dextrose, 
in raisins and Xanti currants but not in wine grapes. 

Pectins. — See American Grape. 

Tannia. — Results on tannin in wine are numerous but there is 
some question as to whether they are representative of pure wine or 
the must. Garin o-Canina ^ found no tannin in the red and white wines 
he tested, thus emphasizing the value of tests as a means of detecting 
added tannin. His criticism of analytical methods throws doubt on 
the accuracy of earlier results. He states that enin chloride gives 
most of the reactions of the tannins but is less astringent and of a dif- 
ferent color. 

Phosphorus-Organic Compounds. — Musts were found by Finzi ^ 
to contain 1.19 to 1.47 per cent of organic phosphorus calculated as 
lecithin, or about one-half of the total phosphorus, wines 0.165 to 0,413 
per cent. 

^ Arch. Chem. Mikrosk. 1914, 7, 285. 

2 Mitt. Lebensm. Hyg. 1915, 6,247. 

2 Arch. Chem. Mikrosk. 1912, 5, 73. 

^ Chem. Listy 1929, 23, 73. 

® Rev. vit. 1933, 79, 197. 

® Bui. soc. chim. biol. 1933, 16, 1462. 

’ Z. Unters. Lebensm. 1934, 68, 179. 

® Staz. sper. agr. ital. 1924, 67, 245. 

Gbid. 1914, 47, 337. 
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Colors. — Willstatter and Zollinger ^ extracted from the skin of dark- 
colored European grapes the pigment enin, a monoglucoside of dimethyl 
delphinidin, and from it prepared enin chloride, C23H25O12CI + 4E2O, 
as red-hrown prisms with a green luster. On hydrolysis by boiling with 
hydrochloric acid, it yielded 1 molecule of glucose and 1 molecule of 
enidin chloride, C17H15O7CI -f I.5H2O, the latter forming dark brown 
prisms and needles with a bronze-like luster. Erom this in turU; 2 
methyl groups were split off leaving delphinidin. In a later paper ^ 
the authors state that more or less of the sugar-free anthocyanidin, 
enidin, is present, also probably m some varieties a diglucoside. 
Anderson/ in the variety Seibel, a hybrid of V. vinifera, V. destivdu, 
and V. rujiestris, and Anderson and Hahenhauer,^ m the variety Isabella 
believed to be a hybrid of V. Lahrnsca and 7. nnifera, identified enin 
inherited from the European parent. 

Enzymes. — De Yilliers ^ has shown that the catalase activity increases 
up to near ripeness when it diminishes shghtly, while the occidase activity 
diminishes during the ripening period, paralleling in general the respira- 
tion changes. 

Mineral Constituents. — ^Results calculated to the fresh fruit by 
Wolff® and Bioletti ^ are tabulated below: 



Ash 

K 2 O 

Na20 

CaO 

MgO 

P2O5 

SO3 

aOa 

Cl 


% 

% 

% 

% 

% 

% 

% 

% 

% 

Wolff 

Bioletti : 

0.88 

0.50 

0.01 

0.10 

0.04 

0.14 

0.05 

0-03 

0.01 

Min 

0.45 

0.19 

0.01 

0.02 

0.01 

0.08 

0.01 

0.02 

0.00 

Max 

0.66 

0.S5 

0.06 

0.03 

0.02 

0-18 

0.03 

0-03 

0.02 


Konig ® reports instructive ash analyses of parts of the grape from 
which the following figures were calculated: 



Water 

Ash 

K 2 O 

NaaO 

CaO 

MgO 

FeoOs 

Ma304 

PiOs 

SOs 

SiO 

Cl 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Skin. 

73.0 

0.83 

0.40 

0.03 

0.13 

0.03 

0.012 

0.005 

0.16 

0.05 

0.02 

0.005 

Seed. 

41.0 

0.91 

0.28 

0.03 

0.31 

0.08 

0.005 

0.003 

0.22 

0.02 

0.01 

0.003 

Juice. 

75.0 

0.38 

0.25 

0.01 

0.02 

0.02 

0.006 

0.002 

0.05 

0.02 

0.01 

0.004 


1 Am. 1915, 408, 83. J. Am. Chem. Soc. 1926, 48, 2997. 

2 Ibid. 1916,412, 195. ^Loc. cit- 

5 J. Biol Chem. 1 924, 61, 685. « Ascbenanalysen. 

^ California Agr. Exp. Sta. Rep. 1893/4, p. 322. 

» Chem. mensch. Nahr.-Gemjssm., Berlia, 1920, 2, 880. 



768 


FHTJITS 


Brunet ^ giyes complete analyses of the skin and seeds showing, in 
haimony with the above figures, more phosphoric acid but less potash 
in the seeds than in the skin. 

Ash analyses were made on the juice of the European grape by 
Earagiola and Godet ^ on August 27 (I) and October 27 (II), the results 
being expressed as grams per liter. The figures given in the original 
are in terms of ions but those herewith have been recalculated to oxides; 

K 2 O Na20 CaO MgO AI 2 O 3 jMnaOal CuO P 2 OS SO 3 SiOs Cl CO 2 

I. 1.178| 0.090 0.360 0.172 0.038 0.004 0.004 0.022 0.274 0.125 0.017 0.007 0.543 

II. . 1 1.4991 0.086 0.236 0.116 0.023 0.002 0.004 0.011 0.524 0.197 0.026 0.013 0.466 


MCimor Miaeral Constitueiits. Iron . — California grapes 19 to 98 mg. per kilo, 
recalculated from Fe208 of ash analysis (Bioletti).® Fruit 13 mg. per kilo, fresh 
basis (Bunge, quoted by Sherman).-* Seeded raisins 36 mg. per kilo, as sold (Sher- 
man).^ Malaga grapes 22,8 mg. per kilo, fresh basis; seeded raisins 69.9, seedless 
raisins 41.3, dried Xanti currants 47.4 mg. per kilo, as sold (Peterson and Elvehjem).® 
Malaga grapes, 2 samples, 5.4, 7.1 mg. per kilo, fresh basis (Toscani and Reznikoff),® 

Aluminum . — White grapes 10.2 mg. per kilo, dry basis (Bertrand and L6vy).^ 

Manganese . — California grapes 7.2 to 14.0 mg. per kilo, recalculated from Ma 304 
of ash analysis (Bioletti).® 

Copper . — Grapes 1.2 mg. per kilo, fresh basis, 9.9 mg. per kilo, dry basis (Gueri- 
tbault).® Malaga grapes 0.9 mg. per kilo, fresh basis; seeded raisins 2.7, seedless 
raisins 2.0 mg. per kilo, as sold (Lindow, Elvehjem, and Peterson).® 

Zinc . — Whole grapes: white 2, black 1.2 mg. per kilo, fresh basis; nearly seedless 
dry Malaga 2 mg. per kilo (Bertrand and Benzon).^® 

^ Loc. cit. 

2 Loc. cit. 

» California Agr. Exp. Sta. Rep. 1894, p. 322. 

* U. S. Dept. Agr., Off. Exp. Sta. 1907, Bui. 186. 

B J. Biol. Chem. 1928, 78, 215. 

6J. Nutrition 1934, 7, 79. 

’’ Bui. soc. hyg. aliment. 1931, 19, 359. 

® Compt. rend. 1920, 171, 196. 

s J. Biol. Chem. 1929, 82, 465. 

BuL soc. hyg. aliment. 1928, 16, 457. 



FRUITS OF THE EL JEO CARPUS FAMILY 

{Elseocar'pacese) 

Only one frnit, datiles, is here described. 

DATILES 

Micntingia Calabura L. 

Although a native of tropical America, the tree is cultivated in the 
East Indies. Pratt and Del Rosario state that in the Philippines it 
grows abundantly and the fruit is eaten largely by children. Other 
names mentioned hy them are ratileSj cerezas, and manzanitas. 

The description which follows is based on an examination of material 
furnished by Miss Maria Orosa of the Philippine Bureau of Science. 



Tig. 261. Prci. 262. Fig. 263. 


Fig. 261. — ^Datiles. Fruit cut to five locules and nnmerou-S minute seeds 

on recurved plaeentse. X 2. (Ai.W.) 

Fig. 262. — Fatiles. Outer layers of fruit in cross section, epi epicarp; cr rosette 
crystals; ?7zes mesoearp parenchyma with si! stone cell group. X 160. (K.B.W.) 

Fig. 263. — Batiles. Outer epiderm with crystals and sclerenchyma layer of 
spermoderm in surface view. X 160. (K.B.W.) 

MACROSCOPIC STRUCTURE. — The flowers are white with 
superior, hve- or six-celled ovary. The fruit (Fig. 261) is globular, up 
to 1.5 cm. long, crowned with the five or six radiating, sessile stigmas . 
Each of the locules, formed by the rind and the thin partitions, is filled 
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with numerous minute (0.5 mm.) mds, borne in a gelatinous pulp on 
pairs of recurved axile placentse. 

MICROSCOPIC STRXJCTIJRE.--Iour layers of Pericarp (Fig. 262) 
are evident, but the fifth or endocarp is lost in the confused mass of 
pulp and seeds: (1) epicarp (epi) of polygonal cells, containing coloring 
matter, and occasional stomata; (2) kyjoaderm oi small flattened cells 
passing into (3) outer mesocarp (mes) of large parenchyma cells, those 
about the groups of stone cells [d) forming rosettes; and (4) inner 
mesocarp of very thin-walled round cells surrounding the seeds. 

Oxalate rosettes (cr) occur in the hypoderm and outer mesocarp, 
especially where the latter passes into the inner mesocarp. 

Spermodenn (Fig. 263).— On crushing the seeds, three tissues are 
evident: (1) enter epiderm of isodiametric, exceedingly thin-walled, 
polygonal cells, slightly thickened at the angles, each containing a single 
monoelinic oxalate crystal; (2) longitudinally elongated, very thick- 
walled stone cells with fine pores ending in round holes at the middle 
lamella; (3) rounded parerbcJiyrm cells with no sharp differentiation into 
an inner epiderm. 

The Endosperm and straight Embryo are starch-free. 

Chief Structural Chabactees. — Fruit up to 1.5 cm., crowned with 
radiating sessile stigmas, locules five or six with minute (0.5 mm.) seeds. 

Mesocarp with stone cell groups and oxalate rosettes. Spermoderm 
with an outer epiderm containing single oxalate crystals and subepiderm 
consisting of stone cells. Endosperm and embryo starch-free. 

CHEMICAL COMPOSITIOH.— The edible pulp, including seeds, 
of a sample grown in the Philippines, as aniilyzed by Pratt and Del 
Rosario,^ contained as follows: 


CoMPOSirioN or Dathes Puip 


Weight 

Pulp 

Solids, 

Solids, 

Pro- 

Acids as 

Sugars, 

Su- 

Ash, 

Ash, 

in fruit 

total 

insol. 

tein 

malic 

reducing 

crose 

total 

alk* 

g- 

% 

% 

% 

% 

% 

% 

% 

% 

cc. 

1.6 

80 

24.6 

8.4 

1.98 

0.08 

8.05 

5.34 

0.80 

96 


* Cc. N/IQ acid per 100 grams pulp. 

1 Philippine J. Sci. 1913, 8, 59. 



FRUITS OF THE MALLOW FAMILY 

(Malmcese) 

To THIS family, which famishes us with flowers (hollyhock, althea), a 
yegetable (ohra), aad fiber and oil seeds (cotton), belongs a fruit, roselle, 
which is unique in that the calyx is the part eaten. 

ROSELLE 

Hibiscus Sahdariffa L, 

The roseUe is grown throughout the tropics and sub-tropics. The 
leaves may be eaten as a pot herb and the fiber has some value, but the 
plant is cultivated chiefly for the calyx which is used in the preparation 
of jam resembling somewhat that of the cranberry in its acid flavor. 

MACROSCOPIC STRUCrURE.— rhe yellow flower, on the plan 
of five, has a bright red calyx and bracts; there is a yellow variety but 
it does not give the desired red color to the cooked product. After 
flowering, the calyx enlarges to form what appears like a large flower bud 
up to 6 cm. in length. 

MICROSCOPIC STRUCTURE.— ISTo data available. 

CHEMICAL COMPOSITION. — In the following table are results 
on an American sample by Wester,^ on a Philippine sample by Pratt,^ 
and on a Hawaiian sample by Thompson:^ 


Composition op Roseloi 



“Water 

Solids, 

iasol. 

Pro- 

tein 

; Fat 

Acids i 
as 

malic 

Ben- 

zoic 

acid 

Sugars, 

reduc- 

ing 

j 

Su- 

crose 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Vester. . . 

88. 91 

6.67 



2.77 

0.00 

0.3S 

0.03 


0.89 

Pratt .... 

82.49 

7.39 



3.31 

0.00 

0.82 

0.24 


1.25 

Thompson 

88.42 

1 

5.03 

1.23 

0.82 

3.11 


0.20 

0.00 

1.45 

0.65 


lU. S. Dept. Agr. 1907, Farm Bui. 307. 

2 Philippine J. Sci. 1912, 7, 201. 

® Hawaii Agr. Exp. Sta. Rep. 1914:, p. 62. 
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In the calyx (49.62 per cent) and pod (50.48 per cent) Woods and 
Merrill i found respectively: water 86.5 and 84.0, protein 2.1 and 1.7, 
fat 0.3 and 1.0, carbohydrates 10.3 and 12.2, and ash 0.8 and 1.1 per 
cent. 

Acids. — Pratt 2 notes that the malic acid consists entirely of the 
dextrorotatory form, never before isolated in plants. 

1 Maine Agr. Exp. Sta. 1901, Eul. 76. 

® Loc. cit. 



FRUIT OF THE BOMBAX FAMILY 

(Bamhacacem) 

This family is closely related to Malvaceae. Only one species (durian) 
is here described. From Pachira aquatica Anbl. is prepared a commer- 
cial starch (see Volume I, Commercial Starches), from Eriodmdron 
anfmctuosnm DC. and Bomlax Ceiha L. edible oil and cake (see Volume 
I, Kapok Seed). 

DURIAN 

Durio zihetkinm L. 

Fr. Dourian. Ger. Durion. 

Of the several species of Durio^ D. zihethinus is by far the most 
important. All are natives of the Malay region where the durian has 
long been a staple food of the natives and a much-prized delicacy of 
such Europeans as could bring themselves to try it. The odor suggests 
a mixture of cheese, rotten onions, and turpentine. On ripening, the 
heavy spiny fruit falls and is a serious menace to anyone beneath the 
tree. The whole unripe fruit is boiled as a vegetable, the custard-like 
arils of the ripe fruit are eaten out of hand, and the mature seeds are 
roasted. 

MACKOSCOPIC STRUCTURE. — The fruit is green, hard, tough, 
round to ovoid, up to 25 cm. long, weighs several kilograms, and is 
covered with short, blunt spines. It is five-celled and each cell is several- 
seeded. The ovoid anatropous seed is up to 4 cm. in length, with thick, 
soft, light-colored aril, thin, leathery, brown spermoderm, and two 
straight, bulky cotyledons between which is the small straight radicle. 

MICROSCOPIC STRUCTURE. — Material preserved in formalde- 
hyde was furnished by Mr. S. Danial, Senior Health Inspector, Ipoh, 
Federated Malay States. 

Pericarp. — In cross section five distinct tissues are evident: (1) 
epicarp of rounded-polygonal, thin- walled cells and numerous scales; 

(2) hypederm of one or more layers of small thin-walled, rounded cells; 

(3) fiber zone of white, porous, tangentially elongated fibers, varying 
in size and shape, with w^lls varying from thinner to thicker than the 
lumen; (4) mesocarp of thin-walled parenchyma with numerous oil 
drops and small vascular bundles; and (5) endocarp of thin-walled, 
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more or less elongated, narrow parenehyma cells witli here and there 
single cells or small groups with sclerenchymatized and porous walls. 

The rosette-like scales consist of more or less elongated, radiating 
component cells with thick, white, sometimes porous, walls and brown 
contents. The marginal cells are more or less free, standing out like 
a fringe of hairs. 

Aril. — This bulky appendage of the seed is made up of three tissues : 
(1) outer epiderm of more or less elongated cells with thin, indistinctly 
headed walls, (2) mass of very thin-walled parenchyma with numerous 
small oil drops and occasional delicate vascular bundles, and (3) inner 
epiderm similar to the outer but with walls slightly thicker. Griebel ^ 
reports the presence of eiythrodextrin and mannite in the parenchyma. 

Spermoderm. — Although lacking hairs, the spermoderm suggests 
that of species of Malvacese in which family the durian was formerly 
included. 

There are five layers : (1) outer epiderm of small , thin-walled, rounded- 
polygonal cells, with striated cuticle; (2) cuter brown coat, many cells 
thick, of thin-walled spongy parenchyma, through which run delicate 
raphe bundles; (3) thick-waked palisade cells, about 27 pL high, with 
top-shaped cavity in outer hah; (4) inner brown coat of transversely 
elongated, more or less collapsed parenchyma in the middle of which 
is a row of enormous, transversely elongated (over 1 mm.) mucilage 
cells; and (5) ill-defined, thin-walled inner epiderm, 

Perisperm and Endosperm not evident. 

Cotyledon.— There are three layers: (1) outer epiderm of small, 
brown-walled cells, often narrow, much elongated, and arranged side 
by side ; (2) mesophyl of thin-walled starch parenchyma and numerous 
oleoresin cavities; and (3) inner epiderm of small, colorless cells. 

The starch grains are spherical or truncated, up to 19 /z, facets of 
many indicating earlier grouping in aggregates. 

CHiEr STRTJCTURA.L Chabactebs. — ^F ruit green, rounded-ovoid, 
spiny, up to 25 cm. long, five-celled, each several seeded. Seed, up to 4 
cm., with bulky aril and cotyledons. 

Pericarp with rosette-like scales, fiber layer, and oily mesocarp. 
Aril with oil drops. Spermoderm with large mucilage cells. Cotyledons 
with starch cells and oleoresin cavities; starch grains spherical or trun- 
cated, up to 19 p. 

CHEMICAL COMPOSITION.' — The edible part of a sample grown 
ia the Philippines, as analyzed by Pratt and Del Rosario,^ contained 
as follows : 

^ Z. XJnters. Lebensm, 1928, 66, 89. 

2 PMlippine J. Sci. 1913, 8, 59. 
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CoMPOsraroN of Edible Pj^et oe Dmaijm 


1 

Weight 

Edible 
part in 
fruit 

Solids 

Protein 

Acids 

as 

citric 

Sugars, ' 
reduc- 
ing 

Sucrose 

1 

Starch 

Ash, 

total 

Ash, 

alk.* 

o 

% 

30 

% 

44.5 

% 

2.31 

% 

0.19 

% 

4.29 

% 

8.97 

% 

11.1 

% 

1 .24 

ce. 

130 


Cc- iV/10 acid per 100 grams pnlp. 


The odor suggests the presence of oil of garlic and butyric acid but 
laboratory evidence is lacking. 



FRUITS OF THE GARCINIA FAMILY 


(Gidtiferse) 

The mangosteen and the mamey, one oriental, the other occidental, 
are the edible representatives of this family. 

COMPARATIVE MACROSCOPIC STRUCTUEE.-The edible part 
of both fruits is the inner mescoarp which in the mangosteen separates 
more readily from the outer mesocarp than in the mamey. In the 
mangosteen there are four sepals and several radiating sessile stigmas 
persisting in the fruit; in the mamey the calyx is entire in the bud, 
splitting into two valves as the flower opens and separating later from 
the fruit. Only the mamey has a hard endocarp about the loonies. The 
bulk of the embryo in the mangosteen is radicle, in the mamey cotyledons. 

COMPARATIVE MICROSCOPIC STEUCTTRE.^-Characteristic 
of both species are schizogenic deoresin ducts present in the mesocarp. 
These also occur in the cotyledon of the mamey. Separation of outer 
and inner mesocarp is through a tissue of flattened, thin-walled cells. 
Oil is the chief reserve material in the radicle of the mangosteen, starch 
in the cotyledons of the mamey. 

COMPARATIVE CHEMICAL COMPOSITION.^-^The fruits are 
rich in sugars and mildly acid. 

MANGOSTEEN 

Oarcinia Mangostam L. 

Fr. Mangoustan. Sp. Mdngostan. It. Mangostana. Ger. Mangostane. 

Fairchild, the recognized authority on this remarkable fruit, is 
unstinted in his praise of the superlative heauty of its parts and the 
deliciousness of its flavor. Its merits, however, have been tested by 
comparatively few Fniropeans, since the cultivation of the tree has not 
been successful outside of Malaysia and the Malay Peninsula, where 
it is native, Ceylon, and India, except in a few localities such as Puerto 
Rico whence the sample examined was obtained through the courtesy of 
Prof. H. T. Cowles. 

The rind is astringent and is used as a drug in India. A relative 
is the gamboge tree {G. Morelia Desr.). 
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MACROSCOPIC STRUCTURE. — Staminate and flowers are 
borne on the same or separate trees. Both are red or pink, about 5 
cm. in diameter, and have four sepals and four fleshy petals. The 
superior ovary has four to eight sessile radiating stigmas and the same 
number of cells, with solitary ovules of which only a part, or none, 
develop into seeds. 

lild&fr'wit (Tig. 264) is purple-red and varies up to 6 cm. in diameter. 
It is crowned by a rosette formed by the flattened stigmas and bears 
the persistent sepals at the base. Cut transversely, the tough rind or 
outer mesocarp, about 5 mm. thick, is of a pink color and from it yellow 
drops of volatile oil exude. If care is taken in cutting, the upper half 
of the rind may be removed as a cap exposing the edible segments or 
inner mesocarp. These are white or cream- 
colored, translucent, and delicately veined, the 
general direction of the veins on the surface being 
longitudinal, while within, as seen in cross sec- 
tion, they also radiate from the seed. The seed 
is irregular, flattened, and consists largely of 
radicle, the cotyledons being minute. 

MICROSCOPIC STRUCTURE,-- Since the 
rind is a drug, the Pericarp has been studied by 
several authors. It consists of (1) epicarj) of 
small, isodiametric cells and numerous stomata; 

(2) hy'poderm of several rows of more or less col- 
lapsed cells; (3) stone cell zone, the individuals 
being rounded with brown contents; (4) outer Pig. 264.— Man go- 
mesocarp of soft, somewhat spongy ground tissue steen. Fruit cut to 
often beaded and interspersed with numerous edible segments, 
oleoresin ducts and flbro-vascular bundles; (5) ^ 

edible inner mesocarp (Fig. 265) of thin-walled, 
mostly elongated cells, numerous dark, branching oleoresin ducts and 
accompanying elongated parenchyma cells both with dark contents 
forming the veins, and occasional colorless fibro-vascular bundles; and 
(6) endocarp of inconspicuous thin-walled cells. 

The oleoresin ducts are schizogenetic and characteristic of the family. 
In addition to the elongated cells accompanying the bundles, are others 
still more strongly elongated, many times longer than broad, radiating 
from the seeds. 

Spermoderm. — Differentiation into layers is not evident. The cells 
are dark, with resin, and compressed. The vessels of the raphe often 
have as many as six strands of spiral thickenings. 

Endosperm. — Not evident. 
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Embryo* — ^The ground tissue of the radicle (Fig. 266) consists of 
distinctly porous (beaded) cells containing drops of oil (ol) and occasional 
starcli grains (am) up to 5 /x, also smaller non-porous cells each nearly 
filled by a crystal rosette (cr) up to 60 p or larger, 

Chief’^S'tructxjbal Characters. — Fruit red with sessile radiating 

stigmas at top and four sepals at base; 
rind pink on cut surface, separating from 
whitish, translucent, veined, edible inner 
mesocarp. Spermoderm brown, thin; 
embryo largely radicle. 

Stone cell zone beneath hypoderm; 
outer and inner mesocarp with branch- 
ing oleoresin ducts. Radicle with porous 


am- 
ol- 

cr- 

Fig. 265. Fia. 266. 

Fig. 265. — Mangosteen. Edible pulp in surface view shomng brsmching bundle 
of dark cells surrounding oleoresin duct and spiral vessels, one with several 
strands, from fibro-vascular bundle. X 160. (KJB.W.) 

Fig. 266. — Mangosteen. Radicle in cross section, am starch grams; ol oil drop; 
cr crystal rosette. X 160. (KJB.W.) 

cells containing oil and starch and non-porous cells containing oxalate 
rosettes. 

CHEMICAL COMPOSITION. — The edible pulp of a sample grown 
in the Philippines, as analyzed by Pratt and Del Rosario,^ contained 
as follows: 

CoMPOsiTioiM OF Edible Pakt op Mangosteen 


W eight 

Edible 
part in 
fruit 

Solids, 

total 

Solids, 

insol. 

Protein 

Acids 

as 

citric 

Sugars, 

reduc- 

ing 

Sucrose 

Ash, 

total 

Ash, 

alk.*^ 

g* 

lOO 

% 

31 

% 

19.8 

% 

1.9 

% 

0.50 

% 

0.19 

% 

4.20 

% 

12.63 

% 

0.23 

cc. 

29 


* Cc. JV/10 acid per lOO grains pulp. 

^ Philippine J. Sci. 1913, 8, 69. 
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Mattgostia. — Prom the dried resinous secretion Dragendorff ^ sepa- 
rated a- and /S-mangostin (in the ratio of 15:1), a sterol, and a volatile 
oil Both forms of mangostin are of a light yellow color. They melt 
respectiyely at 180 to 181° C. and 175.5° C. He assigns to a-mangostin 
the formula C 16 H 16 O 4 or C 16 H 18 O 4 . Murakami ^ adopts the formula 
C 23 H 24 O 6 for the a form in which he finds one CH 3 O group, three HO 
groups, and two double bonds. He also suggests a structural formula. 
Yamashiro ^ gives C 20 H 22 O 5 , the formula first proposed by Liechti,^ 
and states that one CII3O and two HO groups are present. 

Phosphonis-Oxganic Compounds. Phijtin . — Bagaoisan reports 

0.68 per cent, dry basis, in the edible portion. 

MAMEY 

Mammea americana L. 

Fr. A^bricot de Saint Domingue. Sp. Mamey de Santo Domingo. 

Ger, MammeiapfeL 

Like its Malaysian relative the mangosteen, this American tropical 
species is little known outside its native region. The fruit improves on 
cooking, the flavor resembling that of apricots. In Cuba mamey 
preserves are made in the household and on a commercial scale. 

MACROSCOPIC STRUCTURE. — ^Tbe flowers are white, polyga- 
mous, and about half the size of those of the mangosteen. A further 
distinction is that the calyx in the bud is entire, splitting into two 
valves when the flower opens. The petals vary up to six and the ovary 
is two- to four-celled but not all of the cells contain seeds at maturity. 
In the fruit, shown in Fig. 267, there are three locules but only one 
contains a seed, the others being collapsed. 

The Jruit is a drupe, the size and shape of an orange, and has a 
rough russet surface covered with small spots. Cut transversely, it 
shows the tough rind about 4 mm. thick, the yellow edible fruit flesh in 
which are radiating veins, and the irregular chocolate brown endocarp, 
2 to 5 mm. thick, consolidated with the spermoderm. Although the 
outer and inner mesocarp do not fall apart as in the mangosteen, they 
still may he readily separated when ripe. Unlike that of the mangosteen, 
the embryo consists of two large fleshy cotyledons and a short radicle. 

*Am. 1930, 482,280. 

2Proc. Imp. Acad. (Tokyo) 1931, 7, 254, Sll; Ann. 1932, 486, 122; J. Cliem. Soc. 
Japan 1932, 63, 150. 

® Bnl. Chem. Soc. Japan 1932, 7, 1. 

^ Aich. pkann. 1891, 229, 426. 

® Philippine Agr. 1932, 21, 53. 
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MICROSCOPIC STRUCTiniE. Pericarp (Fig. 268).— The layers 


number five: (1) epicarp much torn and 
unrecognizable at maturity; (2) hypoderm 
(hy) of small cells; (3) outer nesocarp 
{Tries'^) of porous- walled cells, branching 
oleoresin ducts {ol^)j and fibro-vascular 
bundles containing vessels with several 
spiral strands; (4) inner mesocarp (mes^) 
of large, thin-walled pulp cells, radially 
elongated in the inner part, also oleo- 
resin ducts; and (5) endocarp consisting 
of crossing bundles of fibers with 

lumen broader than the walls, also small 
brown exceedingly thin-walled paren- 
chyma cells (hr), one or more thick, 
adjoining the mesocarp and surrounding 
the fiber bundles. 

Between the outer and inner meso- 
carp are two or more rows of flattened, 
thin-walled cells {x) through which sep- 
aration of the rind takes place easily. 

Spermodenn. — While there is no sep- 
aration of endocarp from spermoderm, the 
latter is doubtless represented by the inner 
zone of collapsed thin-walled brown cells. 




Fig. 267. 


Fig. 268. 


Fig. 267. — Ma,iney. Fruit cut to stow rind, fruit flesh, and dark endocarp sur- 
rounding two collapsed locules and one locule containing a seed with two coty- 
ledons. X V 2 . (A.L.W.) 

Fig. 268. — Mamey. Fniit and seed in cross section. Pericarp : hy hypoderm, 
mes^ outer mesocarp, ol^ oleoresin cavity, x thin-walled separation cells, -mes® 
inner mesocarp, and fiber bundles and br accompanying brown parenchyma 
of endocarp. Cotyledon: am starch grains, oP oleoresin cavity. X 160. 

CK,B.W.) 
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Endosperm. — ]^ot evident. 

Emtryo. The epiderms of the cotyledon consist of small cells con- 
taining minute aleurone grains, whereas the ground tissue of the meso- 
phyl is made up of larger, porous-walled cells containing elongated 
starch grains (Fig. 268, am) up to 55 /i, with excentric hilum. The 
excentricity of the hilum ranges from 1 : 2 to 1: 4. Oleoresin ducts (cf) 
are distributed through the ground tissue from which, on cutting the 
cotyledons, minute yellow drops exude. 

Chief Structijral Characters. — Fruit with rough russet surface, 
rind grown to edible fruit flesh; endoearp hard (absent in mangosteen), 
grown to spermoderm; embryo largely fleshy cotyledons. 

Pericarp tissues similar to those of mangosteen excepting the endo- 
carp of crossing fiber bundles. Cotyledons containing elongated starch 
grains (55 y), with excentric hilum, in ground tissue and oleoresin in 
ducts like those of mesocarp. 

CHEMICAh COMPDSITION.—Two analyses by Chace, Tolman, 
and Munson ^ of the edible part of Cuban fruit, designated Mamey de 
Santo Domingo, yielded: 



Weight 

Edible 
part in 
fruit 

Solids, 

total 

SoKds, 

insol. 

Pro- 
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as 

citric 
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Su- 
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% 

% 

% 

% 

% 

% 

% 
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I 

623 

61 

14.12 

4.49 

0.49 

0.60 

3.92 

5.49 

0.31 

43 

ir 

502 

71 

15.74 



0.56 

2.50 

5.64 

0.38 

33 


* Cc. iV/10 acid per 100 arams fruit. 


* XT. S. Dept. Agr., Bur. Chem. 1904, Bui. 87. 



FRUITS OF THE FLACOURTIA FAMILY 

{Flacourtiacese) 

Thorny trees and shrulDs of two genera yield edible fruits used ebiefly 
for preserves. In addition to the kei apple, described in the subsequent 
section, four other species of Aberia {Doryclis or Dovyalis) yield edible 
fruits, namely: ketembilla or Ceylon gooseberry {A. Gardneri Clos. 
= D. hehecarpa (Gardn.) Warb.); two kaiSdr plums (i>. rotundijolic 
(Thunb.) Harv. and D. rhannoides (Burch.) Harv,), both natives of 
South Africa; and the warty plum (D. verrucosa (Hochst.) Warb.). 

Of several species of Flacourtia, natives of Asia and Africa, the 
most important is the batoko-, Madagascar-, or Govemor’s-plum {F, 
RamordcM L’Her.) which has been introduced into the West Indies 
and Tlorida. Valenzuela and Wester^ found in the edible portion 
of a sample from the Philippines: water 66.25, protein 1.34, fat 0.27, 
reducing sugar 21.74, fiber 1.40, and ash 1.05 per cent. 

KEI APPLE 

Aberia caffra Hook. f. et Harv. = Dovyalis caffra Warb. 

A native of South Africa in the region of the Kei Kiver, where it 
is known by the natives as the umhokolo, this species like others of 
the family is useful both as a thorny hedge shrub and for its fragrant 
fruits. It has been introduced into Tlorida and California as well as 
other sub-tropical regions, heing strongly acid, the fruit is best suited 
for preserves. 

MACROSCOPIC STRUCTURE. — Like other members of the genus, 
the plant is dioecious, both male and femsle flowers being without petals, 
also the female flower has a persistent lobed calyx, an ovary with 
several cells formed by false partitions, and several small persistent 
styles. The several-seeded berry is globular or oval, bright yellow, 
2 to 3 cm. in diameter. The resemble in size (8 mm. long), shape, 
and color those of the apple but are covered with a dense coat of hairs. 
Within the leathery brown spermoderm is a bulky endosperm and an 
embryo consisting of broad but thin cotyledons and a short straight 
radicle. 

1 PHlippiae J. Sci. 1930, 41, 85. 
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MICROSCOPIC STRUCTURE, — ^Tke Pericaip consists of (1) 
epicarp of nearly iso diametric cells and numerous unicellular, thick- 
walled, indistinctly warty hairs up to 50 /u; (2) hypoderm of thick- 
walled parenchyma; (3) mesocarp of characterless parenchyma inter- 
spersed with a few comparatively thin-walled stone cells, varying from 
isodiametric, often with projections, to narrow elongated, and weak 
fihro-vascular bundles; and (4) endccarp of tangentially elongated, 
pointed, thin-walled cells and stomata. 

Spermoderm. — This is as elaborate in its structure as the pericarp 
is simple. iN'ot less than seven layers are present: (1) cider epiierm 
of large brown cells, somewhat radiahy and tangentially elongated, 
with thickened outer walls, contaioing rounded granules, also numerous 
unicellular, thin-walled, kinky hairs often 300 jn long; (2) and (3) crossing 
layers of thin-walled elongated parenchyma] (4) colorless, longitudinally 
elongated, porous, thick- walled, flattened sclererichyma fibers arranged 
on edge; (5) stone cells, often transversely elongated, forming an inter- 
rupted layer; (6) parenchyma] and (7) inner epiderm of yellow palisade 
cells, circular in surface view, with narrow nipple-shaped outer ends 
and thickened inner walls. 

Endosperm. — This consists of (1) a bulky tissue of isodiametric 
aleurone cells containing aleurone grains up to 12 /i, and (2) inner 
compressed cells with thin walls. 

Embryo. — The thin flattened cotyledons consist of noticeably small 
isodiametric cells containing aleurone grains somewhat smaller than 
those in the endosperm. 

Chiet STBTJcrtmAn Chabactees. — Fruit 2 to 3 cm., several-celled 
by false partitions. Seeds pointed, brown, densely hairy. Spermoderm 
leathery; endosperm bulky; cotyledons thin; radicle straight. 

Epicarp with short thick-walled hairs; mesocarp characterless with 
a few comparatively thin-walled stone cells; endocarp of elongated cells 
and stomata. Outer epiderm of spermoderm with large brown cells 
and long kinky hairs; filbers of fourth layer flattened, arranged on edge; 
inner epiderm of round palisade cells. Endosperm with medium-sized 
aleurone grains. Embryo with minute aleurone grains. 



FRUITS OF THE PASSION-FLOWER FAMILY 

(Pcsstfloracesa) 

The species of Passiflcra yield fruits resembling papayas and melons, 

COMPARATIVE MACROSCOPIC STRUCTURE.— Most of the 
species are climbing and all have curious flowers, the parts of which 
are considered to be emblems of the crucifixion. On the throat of the 
four- or five-lobed tubular calyx are home four or five petals and 
numerous fringe-like rays forming the so-called corona. The filaments 
are united into a narrow tube, within which is the stalk of the ovary 
and protruding from it are the three styles. The ovary has three 
parietal placentse and ripens into a melon-like Jruit with numerous 
seeds, each enclosed in a whitish sac-like aril 

COMPARATIVE MICROSCOPIC STRUCTURE. Pericarp.— 
Thin-walled epicarp hairs and spiral-reticulated cells in the rind char- 
acterize the giant granadilla, thick-walled epicarp hairs and stone cells 
in the rind, the purple granadilla. 

Aril. — Starch occurs in the aril of the purple species. 

Spermoderm. — In the giant granadilla a subepiderm is present ; the 
third layer is of thin-walled, the fourth, of thick-walled palisade cells; 
in the purple granadilla a subepiderm is lacking and only the thick- 
walled palisade layer is present. 

The Endosperm of both species contains aleurone grains, up to 15 //, 
and the Embryo smaller aleurone grains. 

GIANT GRANADILLA 

Passiflom quadrangvlaris L. 

Fr. Barbadine. Sp. Granadilla. It. Granatiglia. Ger. Granadille. 

This American species is grown throughout the tropics and sub- 
tropics. Popenoe, who suggested the name, states that it thrives in 
Plorida but not satisfactorily in California. The fruit is considered 
inferior to that of the purple granadilla. 

MACROSCOPIC STRUCTURE. — The flowers are large and showy. 
The yellow-green fruit is elongated, reaching 25 cm., with a rind about 
4 cm. thick, and brown, much-flattened seeds, up to 1 cm, long, not 
including the aril. The spermoderm is brittle and rather thick, the 
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endosperm is bulky, and the flattened cotyledons are embedded in 
the endosperm. 

MICROSCOPIC STRUCTURE. Pericarp. — The tissues are (1) 
epicarp of thin-walled polygonal cells and a few yellow, thin-walled, 
pointed, unicellular hairs up to over 200 ju; (2) hypoderm, a few cells 
thick, with faintly porous walls, containing rosette oxalate crystals; 
(3) parenchyma and spirally reticulated cells ; (4) ouier mesocarp, a bulky 
tissue of rather thick-walled, indistinctly porous parenchyma and occa- 
sional small fibre- vascular bundles; (5) inner mesacarp of thin-walled 
spongy parenchyma and numerous large fibro-vascular bundles some- 
times with accompanying narrow elongated stone cells ; and (6) endocarp 
of large thin- walled cells with thick cuticle. 

Aril. — The cells are thin-walled and longitudinally elongated with 
finely granular contents staining yellow with iodine in potassium iodide. 

Spermoderm. — Cross sections show : (1) enter epiderm of thin- walled 
colorless cells with delicate rod-shaped radial thickenings; (2) snb-- 
epiderm f about two cells thick, of colorless thin-walled cells; (3) outer 
thin-walled and (4) inner porous thich-walled palisade layer, both with 
brown walls and contents, the dividing line between the two layers 
being sinuous; and (5) inner epiderm of small brown cells. 

Perisperm. — Only vestiges evident. 

Endosperm. — The cells contain aleurone grains up to 15 /i, each 
with a distinct crystalloid and one or more globoids. 

Embryo. — Throughout the cells are small and isodiametric. The 
aleurone grains are much smaller than in the endosperm. 

Chief Structural Characters. — Fruit up to 25 cm., hght-colored, 
melon-like. Aril whitish; seeds (1 cm.) brown, much-flattened; endo- 
sperm bulky; cotyledons broad and thin. 

Epicarp hairs up to 200 p, few, thin-walled; hypoderm with crystal 
rosettes; layer beneath hypoderm with scattered spiral-reticulated 
cells; outer mesocarp of parenchyma; inner mesocarp of spongy paren- 
chyma. Aril starch-free. Spermoderm with two brown palisade layers 
beneath the hypoderm. Endosperm and embryo contain aleurone 
grains. 

PURPLE GRANADILLA 

Fassijlora ednlis Sims 

Tr. Marie tambour. Ger. Apfelformige Granadille. 

The above name of this, the best known of the passion fruits, is that 
suggested by Popenoe. A native of Brazil, it is grown throughout the 
tropics and sub-tropics, including California and Florida, but especially 
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in Australia where two crops are harvested each year. It is eaten out 
of hand or made into sherbets, beverages^ and confections. 

MACROSCOPIC STRUCTURE. — The stem is round and the ham 
three-lobed. The fruit is somewhat elongated (up to 7 cm.), externally 
resembling a purple plum. The Beed^ separated from the loose aril, is 
nearly black, somewhat flattened, up to 6 mm. long, pitted on drying. 
The broad but thin cotyledons divide the endosperm into halves. 

MICROSCOPIC STRUCTURE,— The Pericarp differs from that of 
the giant species as follows: the epicarp hairs are more numerous, 
shorter (up to about 100 /i), and thicker-walled; crystal rosettes are few 
in the hypoderm; the third layer is of stone cells, about five thick; 
and the cell walls of the outer mesocarp are thinner. 

Aril. — ^The cells contain numerous round starch grains, up to 
also twins and triplets. 

The Spermoderm shows the following differences from that of the 
giant species: (1) the cells of the outer epiderm have more distinct 
rod-shaped thickenings, thicker inner walls, and where pits are formed 
are radially much elongated; (2) there is no evident suhepiderm; and 
(3) only the thick-walled palisade layer is present and this has depressions 
causing the formation of the pits in the seed on drying, 

Perisperm, Endosperm, and Embryo. — As in the giant granadilla. 

CniEr Stkuctxjbal Characters. — Emit up to 7 cm., deep purple. 
Seeds, 6 mm., somewhat flattened, pitted on drying. 

Epicarp hairs up to 100 numerous, thick-walled; hypoderm with 
few crystal rosettes; stone cells five deep form third layer. Aril with 
starch grains up to 10 Outer epidermal cells of spermoderm radially 
much elongated under depressions; suhepiderm lacking; only one 
(thick-walled) palisade layer . 

CHEMICAX COMPOSITION. — Jewell^ gives the following analy- 
sis of the pulp on the dry basis: protein 9.9, fat 7.0, acids as citric 9.5, 
reducing sugars 25.5, non-reducing sugars 5.4, starch 14.3, fiber 26.0, 
ash 2.43, K2O 1.05, Na20 0.081, CaO 0.041, MgO 0.19, Fe203 plus 
AI2O3 0.067, P2O5 0.55, Si02 0.04, and Cl 0.018 per cent. 

^ J. Dept. Agr. Victoria 1933, 31, 609. 



FRUITS OF THE CACTUS FAMILY 

{CcLCtacese) 

Fruits of a number of species are eaten in tropical and sub-tropical 
regions, tbe most important ‘being grouped as prickly pears and cane 
cacti, including the Indian fig and tunas (species of Opuntia) and pitayas 
(species of Hylocereus, lemaireocereus, and Cerem ) . The prickly pears 
are flat- jointed, the cane cacti round-jointed. 

COMPARATIYE MACROSCOPIC STRUCTURE.— In all the 
species, the fr%it consists of consolidated receptacle and pericarp con- 
taining numerous small seeds^ the whole 'being comparable with the 
apple. Areoles with hairs, bristles, and spines occur in spiral rows on 
the prickly pears and cane cacti, whereas fleshy scales characterize the 
pitayas of the genus Hylocerem. The seeds of the prickly pears and 
cane cacti have a woody coating (endoearp) which is not found on the 
seeds of the pitayas. 

COMPARATIVE MICROSCOPIC STRUCTURE.— Both groups 
have a rather characterless fruit flesh excepting the numerous oxalate 
rosettes, some with noticeably sharp points. The hairs, barbed bristles, 
and endoearp stone cells of the prickly pears are characteristic in 
structure. Starch occurs in the perisperm, at least of the prickly pears, 
and aleurone grains in the endosperm and cotyledons. 

COMPARATIVE CHEMICAL COMPOSITION. —The percentages 
of sugars (mostly reducing) and acid yary greatly. A low sugar content 
is usually associated with a high acid content. 

PRICKLY PEAR 

Opuntia spp. 

Fr. Figuier d’Inde. Sp. Tuna. It. Fico dTndia. 

Ger. Indische Feige. 

Hare and Griffiths ^ in an exhaustive monograph describe the botan- 
ical characters and chemical composition of the prickly pears used as 
human food. The companion monograph by Griffiths and Hare- on 
species used for stock food is discussed in Volume I under Forage Cacti. 

^ ISTew Mexico Agr. Exp. Sta. 1907, Bui; 64. 

2 Ibid. 1906, Bui. 60. 
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The Indian fig (0. ficus4ndica which is usually spineless, and 
the tuna (0. Tma Mill.), which is always spiny, together with their 
hybrids are the most widely distributed forms. The fruit of the tuna 
is somewhat smaller than the Indian fig, but there is no sharp distinction, 
and both names, as well as prickly pear, are indiscriminately applied 
to cultivated varieties. 

The prickly pear is the chief article of diet among the peons in many 
sections of the arid regions. Several species were early introduced into 
the Mediterranean region and thence into the tropics and sub-tropics 
throughout the world where they have run wild and often, as in Aus- 
tralia, become serious pests. In the Italian Quar- 
ters of New York and some other cities large 
quantities brought in from Sicily are sold on 
street stands and push carts. The fruit is de- 
licious, but the harbed bristles of needle sharp- 
ness, even when reduced to a minimum by 
breeding, necessitate careful handling, and the 
hard stones are objectionable. The fruit is dried 
and is also used for making tuna-honey, sweet- 
meats, and fermented liquors. 

MACROSCOPIC STRUCTURE.— The fruit 
described herewith was from the Italian section 
of New York City. 

The flowers occur singly on the areoles. The 
lower part consists of modified stem, which, as 
in the apple, may be regarded as receptacle con- 
solidated with the ovary. On this are borne the 
numerous stamens and the spreading sepals and 

■n -n • 1 1 pctals wMch fan away from the fruit after 

Fig. 272.— Prickly ; . 

Pear. I whole; 11 fertilization. 

cross section. X %. The one-celled fruit (Fig. 272) is um-shaped, 
(A.L.W.) var 5 dng in color from yellow to red or purple, 

depending on the species, variety, or degree of 
ripeness, with areoles spirally arranged. These latter at the apex 
are on pronounced conical elevations and much crowded. A cross 
section shows a rind several millimeters broad about the gelatinous 
pulp in which are embedded the numerous seeds, also several in- 
distinct parietal placentae. 

Gray ^ in former editions states, under the head Opnntia, that the 
seeds are flat and margined, covered with a white bony arillus, but in 
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the last revision is less specific. Our histological studies indicate that 
these so-called seeds are seeds consolidated with the bony lining of endo- 
carp pockets and are naore properly designated done^. They are kidney- 
shaped and contain a curved embryo, also sometimes another embryo 
of small size, surrounded by endosperm, perisperm, and spermoderm. 

MICROSCOPIC STRUCTURE. — Montemartini ^ studied both the 
fruit and the seed. 

Pericarp. — The consolidated receptacle and pericarp consists of (1) 
epicarp (Pig. 273, epi) of polygonal cells with thick outer and thin 



JjQ. 273. Fig. 274. 

Tig. 273. — Prickly Tear. Outer fruit tissues in cross section, epi epicarp; ky 
hypoderm with crystal rosettes; mes mesocarp with chlorophyl grains and 
cr2 sharp pointed crystal rosettes. X 160. (K-B-W.) 

Tig. 274. — Prickly Pear. Stone ia cross section. Pericarp: inner mesocarp 

with cr crystal rosette, eTui endocarp of st stone cells. S spermoderm: aey outer 
epiderm, compressed parenchyma, iep reticulated inner epiderm. N' perisperm 
with am starch grains. 1 endosperm and C cotyledon with al^ and al- aleurone 
grains. X 160. (K3.W.) 

radial walls, large stomata, and on the areoles soft hairs and stiff 
bristles ; (2) hypodern (hy) of thick, porous-walled cells, three to five 
deep, often in the outer layer containing large crystal rosettes with 
blunt points (cr^) ; (3) mesocarp (nes) of large cells often containing 
chlorophyl grains, smaller cells each containing a crystal with long 
acute points (cr^) and fibro-vascular bundles of narrow elements; and 
(4) endocarp (Tig. 274, end) of tangentially elongated stone cells six 


1 Atti 1st. hotan. Ilniv. Pavia, 1897, 5, 59. 
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to ten deep except on the edges of the seed where there are twice as 
many, the inner cells being largest. 

The soft hairs (Fig. 275, Y, VI) of the areoles are thin-walled, mostly 
1 to 2 mm. long, and jointed, the cells increasing in breadth from the 
base toward the tip. Of special interest are the barbed Iristles or 
emergences which vary greatly in width and the nature of the barbs. 
The stiff penetrating bristles hawe downwardly directed barbs (I and 
II), whereas some of the limp, narrow forms haTe only upwardly directed 
(III) and others both upwardly and downwardly directed barbs (IV). 

As in the stone of the peach and raspberry, the mesocarp tissues 
join on to the endocarp stone cells without break, whereas at the juncture 
of the latter and the outer epiderm of the spermoderm both tissues 

appear to end, although pressed closely 
together, Further evidence is furnished 
hy the absence of the stone cell tissue 
in the pitaya and the obvious epidermal 
nature of a layer in this fruit, corre- 
sponding closely in structure to the one 
here so designated. Seeds of the Cac~ 
tocese are described as “ black the 
black layer of the prickly pear lies be- 
neath the stone cell layer. 

Spermodenn (Fig. 274, S).— Three 
layers are diferentiated: (I) outer epi- 
derm (aep) of dark brown cells, with 
enormously thickened and apparently 
porous outer walls, containing granules; 
(2) brown parenchyma (p^) through 
which runs the raphe; and (3) inner 
epiderm {iep) of large, dark brown cells with very thin, delicately re- 
ticulated walls. 

Perispenn (Fig. 274, N ). — Over most of the seed, this is represented 
by compressed cells and a thick outer cuticle, but between the tips of 
the cotyledons and the radicle there is in addition a considerable tissue 
of thin-walled, well-defined cells containing starch grains (am) usually 
1 to 2 jii but sometimes reaching 8 u in diameter. 

Endosperm (Fig, 274, E ), — Excepting a single layer containing 
small aleurone grains (uZ^), the cells are compressed. 

Embryo. — The more or less isodiametric cells of the cotyledon 
(Fig. 274, C) and radicle contain aleurone grains {af) up to more than 
10 p, each with one or more globoids and often a well-defined crystalloid. 

Chief Structural Characters. — ^Fruit with areoles bearing hairs, 



II tip and base of stifi bristle 
with backward barbs. Ill tip of 
limp bristle with forward barbs. 
IV limp bristle with forward an.d 
backward double barbs. V and 
VI tip and base of hair. X 160. 
(AX.W.) 
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bristles, and spines. Seeds enclosed in endocarp forming stones; embryo 
curved, embedded in peiisperm and ttin endosperm. 

Epicarp bairs weak, broad at tip, bristles variously barbed; bypo- 
derm with thick porous walls; crystal rosettes large, in hypoderm with 
blunt points, in mesocarp with sharp points; endocarp of dense stone 
cell tissue. Outer epiderm of spermoderm with mueb-tbickened outer 
wall ; inner epiderm delicately reticulated. Perisperm contairxing starch 
grains. Endosperm and embryo containing aleurone grains. 

CHEMICAX COMPOSITION. — Lima ^ furnishes data on the parts 
of prickly pears (0. Ficm-indica) grown in Italy. The average weights 
of the immature and ripe pears were 125 and 112 grains respectively . 


Composition- of Prickly Pear (Liha) 



In whole 
fruit 

Water 

Protein 

Protein, 

pure 

Fat 

Sugars, 

total 

Sugars by 
hydrolysis 

Ash 

Immature: 

% 

% 

% 

% 

% 

% 

% 

% 

Skin 

S9 

86.19 

0.63 

0.40 

0.08 

0.13 

5.55 

0.15 

Plesli .... 

58 

92.96 

0.50 

0.37 

0.07 

5-02 

0.17 

0.25 

Stones . . . 
Ripe: 

3 

33-37 

2.17 

8.24 

8.53 

— 

— 

1.29 

Skin 

33 

88.24 

1.01 

0.32 

0.05 

0.16 

4.12 

0.40 

Flesh.. ... 

63 

90.21 

1.54 

1.10 

trace 

5.60 

2.69 

0.33 

Stones . . . 

3 

36.16 

1.23 

9.87 

8.19 

— 

— 

1.45 


Hare and Griffi.ths^ give in separate tables analyses of the fruit 
fLesh. (pared fruit exclusive of stones) of thick- and fcbin-rind species 
or varieties, grouped according to the place of growth. The Texas 
thick-rind samples were all from 0. lindheimeri Engelm. ; the Mexican 
thick-rind samples from 0. streptacantha Lem., 0. leucotricha DC., 0. 
larreyi Weber, and 0. rchusta Wendl. The American (U. S.) thin-rind 
samples were from 0. macrocentra Engelm. et Bigel, 0. engelnannii 
cycloides Engelm. et Bigel, 0. Isevis (?) Coulter, 0. lindheimeri Engelm., 
and 0. pkxacantha Engelm. ; the Mexican thin-rind samples, so far as 
determined, from 0. engelmannii cuija G. et H., 0. sti'eptacantha Lem., 
and D. Imcotrioha DC. The tabulated summary herewith shows that 
the Mexican fruit is much less acid and somewhat more saccharine 
than the Ajnerican. 


^ Staz. sper. agr. ital. 1S95, 28, 805. 
2Loc. cit. 
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Composition of Prickly Pear Flesh (Hare and Oripfiths) 


(Number of samples in parentheses) 



Weight 

Flesh 

in 

fruit 

Solids 

Pro- 

tein, 

pure 

Am- 

ides 

Acids 

as 

malic 

Sugars, 

total 

Su- 

crose 

Alco- 

hol 

PPt. 

Ash'f 

Ash, 

alk.t 


g- 

% 

% 

% 

% 

% 

% 

% 

% 

% 

cc. 

'Thielc-rind : 












Texas (5). . . 












M in .... . 

21 

23.5 

5.33 

OMt 

0.14$ 

0.96 

0.00 

0.00 

0.39$ 

0.17§ 

4§ 

Max 

72 

33.3 

7.80 

0.06$ 

0.14$ 

2.95 

7.18 

0.41 

0.39$ 

0.42§ 

40§ 

Aver 

36 

28.4 

€.74 

0 . 96 $ 

0 . 14 $ 

1.68 

2.94 

0.14 

0 . 39 $ 

0 . 3O § 

22 § 

Mexico (26), 












Min 

24 

21.8 

7.66 

0.05 

0.06 

0.03 

7.08 

0.00 

0,15 

0.02 

4 

Max 

164 

62.6 

14.08 

0.17 

0.34 

0.44 

41.70 

1.58 

0.39 

0.74 

66 

Aver 

71 

42.3 

11.84 

0.11 

0.28 

0.11 

9.63 

0.22 

0.24 

0.36 

23 

Thin-rind: 












U.S. (6) 












Min 

14 

59.7 

10. U§ 


.... 

0.30 

3.35 

0.00 


0.50§ 

57 & 

Max 

44 

83.6 

12.08§ 



2.16 

9.03 

2.60 


0.59§ 

775 

A.ver 

26 

74.1 

ll . lO § 



1.02 

6.61 

1.09 


0 . 56 § 

67 § 

Mexico (11). 












Min 

21 

78.2 

7.02 

0.09 

0.05 

0.06 

4.18 

0.00 


0.18 

12 

Max 

94 

93.0 

14.14 

0.31 

0.61 

0.95 

9.19 

1,19 


1.20 

89 

Aver 

49 

83.9 

10.87 

0.16 

0.24 

0.34 

7.66 

0.13 


0.76 

45 


=•* In soluble solids, t Cc. AT/IO acid per lOO grams of fruit. $ 1 sample. § 2 samples. 


The waste portion of Hare and Griffith's samples consisted chiefly 
of rind, even in the case of the thin-rind varieties. In the thick-rind 
varieties, the percentage of stones ranged from 1.52 to 9.68, in the 
thin-rind varieties from 2.95 to 15.84 per cent. In Mexican varieties, 
both thick- and thin-rind, the stones for the most part formed less than 
5 per cent of the fruit. 

Analyses of the rind from 12 thick-rind varieties where the amount 
of peelings was large (29.4 to 58.9 per cent) and somewhat palatable 
showed: solids 6.71 to 14.96, soluble solids 4.37 to 12.81, true protein 
0.10 to 0.13, amides 0.04 to 0.18, acid as malic 0.18 to 1.31, total sugar 
2.76 to 7.74, sucrose 0.00 to 2.06, alcohol precipitate 0.23 to 1.80, and 
ash in soluble solids 0.25 to 1.38 per cent with alkalinity of 30 to 116 cc. 
N/10 acid per lOO grams of fruit. 

Separate analyses of the stones and pulp or the whole fruit and pulp 
are reported by Griffiths and Hare ^ as shown on the next page. 

Changes in Composition during Ripening. — Analyses made by Hare 
and Griffiths show that during a month's growth and ripening the 
sugars increased from 6.87 to 11.92 per cent and the acid decreased 
from 0.28 to 0.04 per cent. 

^ hoc. cit. 

2 New Mexico Agr. Exp. Sta. Rep. 1909, p. 18. 
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CoMPosiTioiyf OF Prickly Pear Flesh and Stones (Griffiths and Hare) 



Part of 
fruit 

Water 

Protein 

Fat 

N"-!. 

ext. 

Fiber 

Ash 

0. 'phsbacantha 

. Stones 

7.26 

6.07 

11.41 


50.33 

1.75 


Flesh 

92.50 

0.20 

0.07 

4.63 

0.51 

2.09 

0. spinosior 

. Whole 

77.74 

1.74 

1.11 

11.50 

4.94 

2.97 


Flesh 

83.04 

0.56 

0.24 

11.74 

1.33 

3.10 

Echinocactits WisUzeni. . 

. Stones 

8.69 

10.92 

15.46 

36.59 

25.37 

3.09 


Flesh 

94.14 

0.63 

0.06 

3.05 

1.16 

0.96 

0. fulgida., 

. Whole 

82.84 

0.63 

0.51 

11.63 

1.69 

2.70 


Flesh 

87.17 

0.47 

0.27 

9.66 

0.91 

1.68 

Fatty Oil of Stones. — As 

separated from tuna 

hlanca de huerta of 


Mexico in the preparation of jePy bricks (panes or c[xiesos) the stones, 
according to an analysis by Lomanitz,^ contained water 7.68, oil 10.89, 
and ask 2.96. Prom the stones by extraction with petroleum ether was 
obtained a greenish yellow, semi-drying oil with the following values : 
specific gravity 15.5°/15.5° 0.9294, refractive index at 40® C. 1.4676, 
saponification ntimber 189.6, iodine number 116.3, Reichert-Meissl 
number 2.8, Hehner number 93.8, ester number 186.6, and acid number 


3.99. 


Carbohydrates, — Hare ^ found that the juice of the ripe fruit con- 
tained 1.57 per cent of pentomnsy also levulose and dextrose but only 
traces of gdactobn. The author gave special attention to the mudlags 
present in the immature fruit which disappears on ripening. This 
mucilage, separated by precipitation with alcohol from a 2 per cent 
solution, contained galactan 15, pentosan 31, and ash 12 per cent. 
Although the mucilage could not be separated completely from cell 
wall fragments, starch, and oxalate crystals, a dilute solution containing 
1.5 per cent of soluble solids, filtered through silk, was optically inactive 
both before and after acid hydrolysis. By digestion for several hours 
with 1.25 per cent sulphuric acid, a sugar similar to arabinose was 
formed. 

Colors. — Aglucosidal pigment suitable for coloring food was obtained 
by Hare,^ after removal of the mucilage and gum with alcohol, by pre- 
cipitation from the filtrate with acetone. The lead salt of the pigment 
was precipitated by lead acetate from which in turn it was liberated 


^ J. Ind. Eng. Chem. 1920, 12, 1175. 

2 New Mexico Agr. Exp. Sta. 1911, Bui 80; Biochem. BuL 1912, 2, 173. 

3 Log. cit. 
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by sulphuric acid. The color yielded on hydrolysis a sugar 'with the 
properties of dextrose. 

Mineral Constituents. — Results on the individual constituents in 
the parts of the fruit by Lima/ corresponding to the percentages of 
crude ash given in his table above, appear in the table 'which follows; 


Composition ot Ash of Paets of Prickly Peae (Lima) 
(Results in percentages of fresh fruit) 



K2O 

Na20 

CaO 

MgO 

FegOa* 

P2O5 

SO3 

SiOg 

CO. 

Immature ; 

Skin .... 

0,002 

0.002 

0.016 

0.017 

0.003 

0,003 

0.002 

0.003 

0.064 

Pulp. . . . 

0.017 

0.110 

0.013 

0.008 

0.005 

0.027 

0.002 

0.0003 

0.021 

Stones . . 

0.049 

0.236 

0.058 

0.149 

0.166 

0,049 

0.073 

0.220 

0.160 

Ripe: 

Skin 

0.012 

0.003 

0.126 

0.076 

0,005 

0.004 

0.007 

0.001 

0.097 

Pulp. . . . 

0.080 

0.020 

0.026 

0.038 

0.079 

0.032 

0.017 

0.0001 

0.035 

Stones . . 

0.186 

0.481 

0.4t9 

0.207 

0.196 

0.004 

0.002 


0.021 


* Includes AI2O3. 


PITAYA 

Hylocereus undatm Brit, et Rose. 

Popenoe ^ states that the name pitaya is applied to several species 
belonging to the genera Eylocereus, Lemaireccerens, and Cerem, but 
that the most 'widely cultivated is the species named above 'which is 
often incorrectly kno'wn as Cerem triangidaris. 

The description which follows is of a specimen of fruit furnished 
by Prof. H. T. Cowles, of Mayagu^z, P.R. 

MACROSCOPIC STRUCTURE.— The pitaya differs from the 
prickly pear in that it has a triangular stem, is night-blooming, has 
more or less tubular flowers, has red Jruits covered with large fleshy 
scales, and is without a hard endocarp tissue about each seed, 

MICROSCOPIC STRUCTURE.— While the structure in most 
respects corresponds with that of the prickly pear, there are several 
radical differences. First, hairs, bristles, and s])mes are absent; second, 
the crystal rosettes are much smaller; third, an endocarf of stone cell 
tissues is entirely lacking; fourth, the perisperm is less bulky. 

Chief Stehctxjeal Characters. — As noted above. 

‘ Loc. cit. 

Manual Trop. Subtrop. kruits, New York, 1920, p. 451. 



FRUITS OF THE POMEGRANATE FAMILY 

(Punzcaceae) 

Only one genus, Punica, and only- two species, one of which is the 
pomegranate, belong in this family. 

The juice contained in the outer epiderm of the spermoderm is re- 
markable in that the acid is largely or entirely citric. 

POMEGRANATE 

Punica GranatUm L. 

Fr. Grenade. Sp. Granada. It. Melagrana. Ger, Granatapfel. 

Originating in Persia, the pomegranate has been eultiyated since 
prehistoric times and has figured conspicuously in oriental art and 
literature- De Candolle strongly refutes the common belief that the 
tree is indigenous to north. Africa, although there can he no doubt that 
it has been cultivated there and throughout the Mediterranean region 
since early times. 

Scientifically the species is remarkable because the edible part is 
the outer epiderm of the spermoderm, the cells of which are enormously 
developed, and further because the seeds are borne on both axial and 
parietal placentae. 

True grenadine is prepared from the juice of the pomegranate, but 
commercial bottled grenadine is commonly an artificial preparation 
made from tartaric acid, vanilla, sugar, and coloring matter, the flavor 
of the vanilla being strangely modified hy the acid. 

The astringent rind of the fruit and the bark of the root are used in 
medicine. Certain varieties are cultivated as ornamentals. 

MACROSCOPIC STRTICTIIRE.—Flowers, fruit, and seeds are 
various shades of red. Sepals and petals, normally six each, also 
numerous stamens, are home above the ovary which normally is three- 
celled below with axial placentse and six-celled above with parietal 
placentae, but has only one style and stigma. Both series of placentae 
begin as axial, but owing to the faster growth of the peripheral layers 
of the consolidated receptacle and pericarp the upper series change to 
parietal and this arrangement persists in the fruit. 

The frmt (Fig. 276) , which varies greatly in size, is crowned hy the 

7S9 
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stiff calyx lobes and the dried-up stamens and style. The rind is thin and 
leathery, the placental tissue more bulky, soft, and spongy. Numerous 
angular seeds axe crowded into the remaining space. Because of the 
enormous size of the cells of the outer epiderm, cell walls are largely 
eliminated so that the light-colored, inner, stony part of the seed is clearly 
visible through the wine-red sap. The stone, that is the seed deprived 
of the succulent tissue, is about the size of a grape seed, angular at the 
sides, pointed at the base, and rounded at the top. It consists of the 


inner hard layers of the seed, the thin perisperm 
and endosperm, and the bulky embryo with rolled- 
up and often folded cotyledons. 




Fig. 276. 


Fig. 277. 


Fig. 276.— Pomegranate. Fruit with quarter removed, X Va, and in, cross section, 
X Vq. Below, right, seed in cross section showing outer spermoderm with dark 
red juice, inner stone-like spermoderm, and coiled cotyledons. X 4. (ALM.) 
Fig. 277.— Pomegranate. Seed in cross section. S spermoderm: aep outer epi- 
derm with am starch grains, st sclerenchyma cells, r spirally reticulated cells, iep 
inner epiderm. N perisperm. E endosperm: al aleurone cells, p compressed 
parenchyma. C cotyledon. X 160, (KJB.W.) 


MICROSCOPIC STRUCTURE. — The histological studies of the 
pomegranate have been largely confined to the rind of the fruit and 
the bark of the root, which are of pharncaceutical importance. 

Pericarp. — The rind, consisting strictly of receptacle and pericarp, 
is made up of (1) ejpicav'p of isodiametric, thick-walled cells with beaded 
radial walls and thick cuticle; (2) neoscarp of more or less loose paren- 
chymatous ground tissue with stone cells of various forms, occurring 


POMEGRANATE 


801 


singly and in groups, and fibro-Yascular bundles; and (3) endocarp of 
isodiametric or tangentially elongated cells with beaded, somewhat 
thickened, wawy walls. 

In the dissepiments the ground tissue cells are often beaded and 
sclerenchymatized. 

Spennoderm (Fig. 277, S ), — ^The tissues are in four layers of which 
the second shows marked transitions: (1) outer epiderm (acp), of 
enormously high, prismatic cells, often exceeding 2 mm., with thickened 
inner walls, containing wine-red sap, and in some cells starch grains 
(am); (2) sclerencJiyma (st)j warying from small thin-walled cells in the 
outer part to large thick-walled cells, and then to smaller thick-walled, 
flattened cells; (3) minute spirally reticulated cells (r), one or more 
thick, with brown walls; and (4) inner epiderm (iep) of longitudinally 
elongated, brown cells with thickened inner walls. 

The outer epiderm is a remarkable example of robust cell dewelop- 
ment. If shown entire the cells would extend to about doable the length 
of the printed page. Only a clear wine-colored sap is evident in the cells 
at full maturity, but when the sap is not fully colored a certain amount 
of transitory starch gives it a milky appearance. The starch grains 
are usually 5 to 8 /x in diameter, reaching in extreme cases 15 /z. They 
are isodiametric and occur singly, as rounded forms, or in small aggre- 
gates with truncated surfaces of contact. 

Perisperm (Pig. 277, N ). — ^This is represented by one or two rows of 
more or less well-defined cells and a structureless inner compressed tissue. 

Eudosperm (Fig. 277, E).—A single layer of aleurone cells (al) 
with finely granular contents and a compressed tissue (p) are evident 
in cross section. 

Embryo. — The cotyledons (Pig. 277, C) and radicle are characterless 
with small aleurone grains forming the visible cell eontents. 

Chiep STBTJcruRAX Chauactehs. — ^Fruit with leathery outer walls, 
crowned by stiff floral parts ; dissepiments thin; placentae spongy. Seeds 
numerous, stone showing through transparent wine-colored, edible outer 
layer; perisperm and endosperm thin; cotyledons re volute. 

Outer epiderm of spermoderm often over 2 mm. thick ; second layer 
sclerenchymatous; third layer of minute spirally reticulated cells. 
Perisperm, endosperm, and embryo characterless, starch-free. 

CHEMICAL COMPOSITION.— Parsons ^ analyzed the pulp, after 
separation of the stones, of a sour and a sweet variety grown in Georgia. 
Bomtrager and Paris ^ separated 6 samples of the fruit weighing 189 
to 380 grams into (I) husk and placentae 28.4 to 41.8 per cent; (2) 

lAm. Chem. J. 1888, 10, 487. 

2 Z. ITnters. Nahj.-Gemssm. 1898, 1, 158. 
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whole seeds, including the juicy outer coat and the hard stones, 58.2 
to 71.6 per cent; and (3) juice from the seeds 36.4 to 61.3 per cent, all 
calculated to the whole fruit, and analyzed the juice and the stones. 
Thompson ^ analyzed the pulp and stones together and the pulp alone. 


Composition op Pomegeana.te 



Solids. 

total 

Solids, 

inaol. 

Pro- 

tein 

Pat 

Citric 

acid 

Malic 

acid 

Sugars, 

reduc- 

ing 

Su- 

crose 

Tiber 

Ash 

Parsons: 

Pulp 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

Sweet 

21.73 


1.33 

1.24 

0.37 


11.61 

1.04 

2.63 

0.76 

Sour 

B. and P.: 

Juice 

24.59 


1.60 

2.05 

1.85 

.... 

10.40 

0.26 

2.83 

0.54 

Min.’*' 

Max.* 

15.04t 

15.04t 


1.04t 

1.04t 


0.37 

3.36 

o.osi 

O.llt 

7.81 

13.69 

0.00 

0.00 

.... 

0.28t 

0.28t 

ATer.* 

Stones 

Thompson; 

15.04t 

64.98§ 


1.04t 

9.38 

6.85 

1.38 

1 

O.lOt 

11 .09 

0.00 

24.41 

0.28t 

1.54 

Pulp and stones 

26.33 

10.14 

1.49 

0.48 

0.1711 

.... 

12.21 

0.00 

5.30 

0.59 

Pulp 

17.62 

1.98 

0.53 

0.30 

0.20|i 

.... 

15.00 

1.07 

0.33 

0.74 


* Results in grams per 100 cc. 1 1 sample. 1 3 samples . § Starch 12.64% - 1 1 Acidity calculated 
as citric. 


The fresh rind, according to Flaccomio,^ contains: wax 0.8, resin 
4.5, manitol 1.8, amorphous sugars 2.7, gum 3.2, inulin 1.0, mucilage 
0.6, tannin 10.4, gallic acid 4.0, and malic acid, pectin, and calcium 
oxalate 4.0 per cent. 

Acids. — Pratt, as reported by Bigelow and Dunbar,^ found in the 
juice 4.62 per cent of acid calculated as citric by titration and the same 
amount by actual determination. Isfelson,'^ by the ester distillation 
method, was unable to detect any acid other than citric. 

Color. — In pomegranate juice Karrcr and Widmer® identified 
punicin (pelargonidin diglu coside). 

Minoi Mineral Constituents. Iron, — Editle portion 1 1.7 mg. per kilo, fresh basis 
(Peterson and Elyehjem),® 

Zinc , — Inner portion of fruit, 2.5 mg. per kilo, fresh basis (Bertrand and Benzon).’ 

1 Hawaii Agr. Exp. Sta. Rep. 1914, p. 62. 

2 Prog, terap. Sez. farm. 1929, 18, 183. 

s J. Ind. Eng. Chem. 1917, 9, 762. 

4 J. Am. Chem. Soc. 1927, 49, 1300. 

s Helv. China. Acta. 1927, 10, 67. 

U. Biol. Chem. 1928, 78, 215. 

^ Bui. soc. hyg. aliment. 1928, 16, 467- 



FRUITS OF THE MYRTLE FAMHY 


(Myrtacese) 

Two genera yield succulent fruits, Psidium (guavas) and JEngmia 
(rose apple, Jambolan, Surinam cheny, etc.). Clove fruit, produced by a 
species of Eugenia, and allspice, belonging to a related genus, Pimenta, 
are described under Spices in Volume III. 

COMPARATIVE MACROSCOPIC STHTJCTITRE,— Characteristic 
of the fruit are the calyx teeth at the top and the stone cells of the 
pulp recognized on chewing. The guava has many seeds, species of 
Eugenia only one or two, in all cases without considerable endosperm. 
In guava and allspice the radicle is fleshy and the cotyledons minute; 
in eugenias, including clove fruit, the cotyledons are fleshy and the 
radicle minute. 

COMPARATWE MICROSCOPIC STRUOTmE,— Volatile oil cam- 
ties occur in the pericarp (strictly receptacle and pericarp) and coty- 
ledons. Chains cf cells characterize the mesocarp of cloves, rose apple, 
and macopa, while the cells of jambolan and allspice are normal paren- 
chyma. 

Bicollateral bundles are characteristic of the family, sieve tubes 
occurring both outside and inside the xylem. 

GUAVA 

Psidium Ghiajava L. 

Fr. Goyave. Sp, Guayaba. It. Pera Indiana. Ger. Guajave. 

The guavas are small tropical trees or shrubs, natives of the New 
"World, yielding luscious, agreeably musty fruits eaten out of hand, 
preserved after removal of the seeds, and also used to a large extent 
for making guava jelly, a product of superior excellence known the world 
over. 

In addition to coninaon guava, with varieties formerly classified as 
species, Popenoe ^ describes the following less important species : straw- 
berry guava (P. Cattleianum Sabine) with round j^urplisli red fruit up 
to 4 cm. in diameter, a native of Brazil ; Costa Rican guava (P. Fried- 


^ Manual Trop. Suhtrop, Fruits, New York, 1^20, p. 272. 
803 
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nchsthalianum Isrdz.) with yellow fruit, up to 6.5 cm. long; guisaro 
(P. molle BertoL) with fruit smaller than the last, a natiye of Mexico 
and Central America; Brazilian guava (P. guineense Sw. = P. Aracc 
Raddi) with, greenish yellow fruit up to 4 cm. 

MACROSCOPIC STRUCTURE.— The flowers are white, 2 to 2.5 
cm, broad, with an nm-shaped consolidated receptacle and ovary 
crowned hy a calyx with several lobes formed by splitting, four petals, 
and numerous stamens. 

Fruits of the different varieties differ to such an extent in form 
(globular, oblong, pear-shaped) and size (up to 10 cm. long) as to have 
led earlier botanists to assign them specific names. Characteristic of 
all are the irregular calyx lobes (Fig. 278). The color of the fruit flesh 

sto 

lues 


Fig. 278. J^ia. 279. 

IiG. 278.— Guava. Fruit sho-wing rind, central placenta, and seeds. X ¥ 2 . Belo'w, 
seed in longitudinal section showing homy spermoderm and curved embryo. 

X2. (AL.W.) 

Tig. 279.— Guava. Outer pericarp in cross section, epi epicarp with sto stoma; 
r oleoresin cavity; mes mesocarp with st stone cell. X 160. (IC.B.W.) 

is green, whitish, yellow, or pink. In the several (usually four) locules 
are numerous hard, huff, triangular or kidney-shaped seeds, 3 to 5 mm. 
long. The embryo of the anatropous seed is curved and consists largely 
of radicle, the cotyledons being minute. 

MICROSCOPIC STRUCTURE —The Pericarp (Fig. 279) consists 
of (1) e'picarp {epi) with moderate-sized, polygonal cells and occasional 
stomata {sto)] (2) hypoderm with oleoresin cavities (r) up to 200 ii] 
(3) mesocarp (mes) of thin-walled parenchyma in which arc numerous 
stone cells {st), occurring singly or more commonly in groups, and fihro- 
vascular bundles; and (4) eridocarp of thin-walled tissue. 

Numerous chlorophyl grains are present in the outer tissues. The 
stone cells, which as in the pear and quince are evident on chewing, 
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resemble in form more those of the olive and avocado, beiag nmch- 
branched and often grotesque. 

Spermoderm.—Excepting the thin-walled outer and inner epiderms 
and a meager layer of additional thin- walled tissue below the former, 
the spermoderm is hard and made up of a dense mass of stone cells with, 
especially in the middle portion, thick walls and narrow lumens. Most 
of the stone cells are more or less transversely elongated; in some groups, 
however, they are longitudinally elongated. 

About the feebly developed fibro-vascular bundles there is a small 
amount of parenchyma tissue. 

Perisperm. — A thin compressed layer, several cells thick, is evident, 
especially on treatment with reagents. 

Endosperm . — Aleurone cells, forming a single layer, represent the 
endosperm. The aleurone grains are minute. 

Embryo. — Unlike the eugenias, the strongly developed radicle con- 
tains the bulk of the reserve material which is not starchy. Here the 
alenrone grains reach 22 n, each with numerous globoids and some with 
what appears to he a crystalloid. 

CHiEr Stritc'tura.l Ch^lbaotees. — ^Fruit variable in color, shape, and 
size; calyx lobes irregular; locules several. Seeds numerous, hard, 
triangular or kidney-shaped. 

Mesocarp with oleoresin cavities and grotesque stone cells, often in 
groups. Spermoderm largely of elongated stone cells. Endosperm with 
single layer of aleurone cells . Embryo largely radicle containing aleurone 
grains up to 22 /x. 

CHEMICAL COMPOSITION. — Some uncertainty exists as to 
what is meant by “ edible portion ’’ of guavas. Chace, Tolman, and 
Munson,^ Pratt and Eel Eosario,^ Thompson/ Jafa and Albro ^ and 
Adriano^ appear to have used the same methods and include the seeds 
in the portion analyzed. Azadian ® determined the sugars soluble in 
boiling water and the total ash. See table on page 806. 

Composition of Gtiava Seeds. — ^A. single analysis by Azadian ^ fal- 
lows: water 10.30, protein 15.25, fat 14.30, tannin 1.38, glucose 0,10, 
starch 13.25, fiber 42.40, total ash 3.00, and soluble ash 2.69 per cent. 

Fatty Oil of Seed. — Values of the oil extracted by a mixture of sol- 


1 XJ. S. Dept. Agr., Bur. Chem. 1904, Bui. 87. 

2 Philippine J. Sci.1913,8, 59. 

3 Hawaii Agr. Exp. Sta. Rep. 1914, p. 62. 

^ Ann. Eep. Cahf. Avocado Ass. 1917, p. 85. 

® Philippine Agr. 1925, 14, 57. 
6Ann.fals-1922,16,405. 

’ Loe. cit. 
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Composition op 



Sam- 

ples 

Solids, 

total 

Solids, 

insol. 

Pro- 

tein 

Fat 

Acids 

as 

citric 

Sugars, 

reduc- 

ing 

Su- 

crose 

Fiber 

Ash, 

total 

Ash, 

alk.’** 



7o 

% 

% 

% 

% 

% 

% 

% 

% 

cc. 

C. T. and M,: 

4 











Min 


19.61 

11.75t 

0.79t 

.... 

0.53 

2.84t 

0.16$ 


0.63 

67$ 

Max 


22.14 

15.21t 

0.97$ 

.... 

0.91 

6.07$ 

0.91$ 

.... 

0.84 

96$ 

Aver 


21.32 

12.94t 

0.88$ 


0.77 

4.49$ 

0.45$ 

.... 

0.69 

77$ 

P. and Del H. 

1 

24.2 

16.0 

1.38 


0.42 

3.34 

3.99 

.... 

0.71 

80 

Thompson: 












Common 

3 











Min. . . . 


15.43 

7.27 

1.13 

0.35 

0.37 

5.73 

0.55 

4.42 

0.53 


Max. . . . 


18.75 

8.99 

1.53 

0.52 

0.64 

6.61 

2.53 

5.10 

0.68 


Aver 


17.32 

8.00 

1.39 

0.43 

0.51 

6.04 

1.28 

4.66 

0.62 


Strawberry 

3 











Min 


18.27 

7.36 

1.04$ 

0.42 

1.00 

2.32 

2.05 

3.87 

0.64 


Max. . . . 


23.75 

14.47 

1.84$ 

0.79 

1.67 

3.64 

6.37 

9.38 

0.76 


Aver 


20.70 

10.60 

1.44$ 

0.59 

1.23 

2.79 

3.91 

6.46 

0.71 


J. and A. : 












Lemon .... 

1 

16.00 

..... 

0.76 

0.95 




5.57 

0.67 


Strawberry 

1 

20.58 


0.88 

0.80 




6.58 

0.77 


Adriano .... 

1 

18.35 


0,96 

0.07 




6.84 

0.73 


Azadian 

1 




.... 



3.65§ 

4.60§ 


0,84 



* Cc. iV/10 acid per 100 grams fruit, t 3 samples, t 2 samples. § Soluble ia boiling •water. 


vents from 6 samples of seeds, reported by Azadian/ are given in the 
following table : 



Sp- gr. 
15° C. 

Ref. 
index 
40° C. 

Sapon. 

No. 

Iodine 

No. 

Eeichert- 

Meissl 

No. 

Folenske 

No. 

Add 

No. 

Volatile 

oil 

Min. 

0.9124 

1.4587 

190.0 

127.9 

0.20 

0.20 

0.34 

0.03 

Max. 

0.9306 

1.4700 

216.0 

134.5 

0.38 

0.30 

0.70 

0.27 

Ayer, 

0.9243 

1.4632 

197.1 

131.1 

0.26 

0.26 

0.55 

0.25 


Kafuku, Hata, and Fujikawa^ report results on specific gravity, 
refractive index, and saponification number within the above limits 
but higher results on iodine number f 140.7) and acid number (340). 

Phosphoms-Organic Compounds. Phyiin . — Bagaoisan ^ found 2.72 
per cent, dry basis, in the fruit. 

^ Loe. cit. 

2 J. Chem. Soc. Japan 1934, 65, 375. 

® Philippine Agr. 1932, 21, 53. 
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Mineral Constituents. — Chace ^ found 0.84 per cent of ash in the 
pulp and the percentages of constituents in the ash given below : 


K 20 

CaO 

MgO 

P 2 O, 

SOs 

Si02 

01 

% 

% 

% 

% 

% 

% 

% 

55.00 

2.48 

1.64 

8.29 

3.58 

1.13 

6, S3 


ROSE APPLE 

Eugenia Jamhos L. = Jambos vulgaru DC. = /. Jambos MilL 
= Caryophyllm Jambos Stokes 

Pr. Pomme-rose. Sp. Poma-rosa. Ger. Rosenapfel 

This East Indian species is vaJaed for its beautiful foliage and 
dowers as well as its fragrant fruits. It is variously known in India 
and the Islands as gulab-jamanj jambosj jamboj jamrosade, etc. The 
fruit is used chiefly for jellies, preserves, and confectionery. 

Another species, M. malaccends L. {Jamhosa malaccensis DC.), 
known as large-fruited rose apple or jambos, also, according to Popenoe, 
as ohia and Malay apple, and in the West Indies as Otaheite apple, 
belonging to the Jcmlosa section, is closely related to 
the rose apple and cloves. It is a native of the Ma- 
layan region. 

Several Brazilian species, little known outside of 
South America, belonging to the Eugenic (proper) sec- 
tion, are described by Popenoe ^ and Hall.^ Among 
these are the grumichama {E. Domheyi Skeels = E. 

Iraziliensis Lam.), the pitanga or Surinam cherry {E. 
unifl^ora L. = E. Michelii Lam.), and uvaiha (E. 

Uvalha Camb.). 

The third section, ByzygiuMj is represented by the 
jambolan described hereinafter. 

MACROSCOPIC STRUCTURE.— Among the char- 
acters of the flowers are the united receptacle and 
ovary, the four inconspicuous concave petals, and 
the numerous long bristling stamens obscuring the 
other parts. The fruit (Fig. 280) is green or yellow, plum-shaped, 
about 5 cm. long, surmounted by four fleshy calyx lobes. The single 

1 U. S. Dept. Agr., Bur. Chem. 1904, Bui. 87, 29. 

2 Manual Trap. Subtrop. Truits, New Tori:, 1920, p. 305. 

* Bailey: Stand. Cycl. Hort., New York, 1922. 



Fia . 280 . — 
Rose Apple. 
Fruit with sec- 
t i 0 n removed 
showing three 
of four calyx 
lobes, style, 
stigma, and sin- 
gle seed. X%. 

(A.L.W.) 
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cavity contains one or two round, polyembryonic seeds, up to 1.5 cm. 
in diameter, made np largely of the bulky cotyledons. 

MICROSCOPIC STRUCTURE.—’lNio literature on the histology of 
the fruits of species of Eugenia has been brought to our attention. 



Fig. 281. Fig. 282. 


Fig, 281. — Rose Apple. Pericarp in cross section, eyi epicarp; ol oleoresin cav- 
ity; chains of small cells (dark); large cells (colorless); cr crystal rosette; jv 
fibro-vascular bundle; sf stone cell; t endocarp hairs. X 160. (K.B.'W'.) 

Fig. 282. — Rose Apple. Seed in cross section. S spermoderm: aen outer epi- 
derm, suh subepiderm, p ground tissue with fv fibro-vascular bundle and st stone 
cells, iep inner epiderm. C cotyledon ; ol volatile oil cavity, am starch grains. 

X 160 . (K.B.W.) 

The Pericarp (Fig. 281) consists of (1) epicar'p [epi) of polygonal 
cells interspersed with stomata which are few except on the calyx lobes 
where they are numerous; (2) oleoresin cavities (ol), up to more than 
200 ju in diameter, forming an interrupted layer; (3) mesocarp made 
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up of chains of small cells forming a network with large cells in the 
meshes, fihro-vascular bundles (/»), and colorless, isodiametric or some- 
what longitudinally elongated stone cells {^0, occurring singly or less 
often in small groups; and (4) endocarp with numerous unicellular or 
jointed blunt-pointed hairs (0 extending into the fruit cavity. 

The chairiB of celU and the endocarj) hairs contain brownish contents, 
at least in formaldehyde material, thus distinguishing them sharply from 
the oleoresin cavities and the large cells which are colorless and thinner- 
walled. These latter contain occasional oxalate rosettes (cr). 

Spennoderm (Fig. 282, B), — Cross sections show the characterless, 
rather small-celled otiter epiderm (aep), suhepiderm {sub)y and inner 
epiderm (iep). Between the last two named is a bulky ground tissue 
{p) of somewhat larger cells in which are embedded exceptionally large, 
tangentially elongated stone cells (st) of more or less irregular form, and 
in the outer portion the raphe bundle. 

Embryo (Eig. 282) . — Almost the entire bulk consists of the fleshy 
cotyledons (C). In cross section these, like the pericarp, show an 
interrupted layer of oleoredn cavities (ol) beneath the outer epiderm. 
Between these, as well as underlying them, the cells are indistinctly 
beaded and contain numerous, more or less pear-shaped starch grains 
(am), up to 45 p long, with excentrie hilum in the large end. Similar 
starch grains occur in the cotyledons of mother of cloves, jamholan, 
and doubtless other species of the genus. 

Chief SrEUCTUKAi Chabactees. — ^F iuit yellow or green, plum-like, 
5 cm.; calyx lobes four, conspicuous, fleshy; locules one. Seeds one or 
two, round; embryo bulky, largely cotyledons. 

Pericarp and cotyledons with oleoresin cavities; pericarp and sper- 
moderm with stone cells, exceptionally large in latter; mesocarp ground 
tissue of chains of cells forming network about large cells; endocarp 
with numerous blunt-pointed hairs. Cotyledons containing pear-shaped 
starch grains up to 45 /a, with hilum in large end. 

CHEMICAL COMPOSITION.'— Tabulated below are the only avail- 
able data on the composition of Eugenia fruits, secured by Pratt and 
Del Rosario ^ and by Thompson.^ The samples analyzed include, in 
addition to rose apple (E. Jamlos), the jambolan (E. jamholana)^ the 
macopa (E. jwanica)^ the ohia or mountain apple (£. malaccensts) , and 
the pitanga or Surinam cherry {E. michelii). The acidity is given 
tentatively as citric for the reason that this has been shown to be the 
acid of the guava belonging to the same group. Pratt and Del Rosario 

^ Philippine J. Sci. 1913, 8, 59. 

^ Havaii Agr. Exp. Sta. Rep. 1914, p. 62. 
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giye the acid of one species examined by them as citric and of another 
as malie without explanation. 


Composition- of Flesh of Etjoinia Fbxjits 


i 

Flesh 

in 

fruit 

SoHds, 

total 

Solids, 

insol. 

Pro- 

tein 

Pat 

Acids 

as 

citric 

Sugars, 

redne- 

ing 

Su- 

crose 

Fiber 

Ash, 

total 

Ash, 

alk.* 

Rose apple: 

% 

% 

\ 

% 

% 

% 

% 

% 

% 

% 

% 

cc. 

Ha,Tvaiian. . 
Jambolan.: 

63 

15.86 

3.70 

0.79 

0.19 

0.06 

11.26 

0.47 

0.98 

0.30 


Philippinet 

76 

19.2 

3.5 

0.81 

.... 

0.91 

12.70 

0.00 


0.70 

96 

Hawaiian. . 
Macopa: 

56 

15.63 

3.54 

0.62 

0.52 

1.20 

12.99 

0.00 

0.16 

0.29 


PhilippineJ 

Ohia: 

90 

8.6 

1.9 

0.50 

.... 

0.15 

6.56 

0.00 

— 

0.27 

26 

Eavaiian. . 
Pitanga; 

74 

8.61 

.... 

0.21 

0.04 

0.10 

6.88 

0.00 

0.56 

0.14 


Hawaiian. . 

84 

9.30 

1.93 

1.02 

0.66 

2.06 

' 4.68 

1.38 

0.34 

0.34 



* Cc. JV/10 acid per lOO grams pulp, t Weight 4 grams. } Weight 30 grams. 


JAMBOLAN 

Eugenia jamholana Lam. = Syzygiun janholana DC, 

= S. Cumini Skeels, 

Fr. Jamelongue. Sp, Lumboy. 

This fruit, like the rose apple, is a native of the East Indies. Pratt 
and Del Rosario ^ state that in the Philippines it is known as duhat and 
is eaten in large quantities by the natives, especially the children, and 
is made into jelly equal in color and flavor to that of guava. 

MACROSCOPIC STRUCTURE.— Unlike those of the rose apple, 
the petals are united. 

The oval Jruit is dark purple, up to 2.5 cm. long, with a low circular 
rim at the top but without calyx lobes. It resembles externally a ripe 
olive. The single fruit cavity contains a single somewhat oblong seed, 
closely united with the pericarp. The embryo consists largely of two 
bulky cotyledons, one arranged above the other in the longer axis of 
the fruit. 

MICROSCOPIC STRUCTURE. — The pericarp (strictly united 
receptacle and pericarp) differs from that of the rose apple in that the 

^ PMlippiae J. Sci. 1913, 8, 59. 
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contents of tke e^icarp are purple, the ground tissue of the me^ocarp 
is made up of uniform cells without chains, the occasional stone 
cells are smaller but more elongated, and an endocarp with hairs is 
not differentiated, the inner pericarp being merged with the outer 
spermoderm. 

Spermodenn. — Although there is no sharp demarcation between 
this and the pericarp, it seems probable that the very narrow, but 
greatly elongated, fiber-like stone cells present in the inner tissues belong 
with the spermoderm. In the tissues immediately outside of these 
stone cells occurs what appears to be the raphe bundle. Fiber-like stone 
cells found outside of the latter may belong either to the pericarp or 
the spermoderm. 

Embryo. — ^The oleoresiri cavities, mesophyl cells, and star'ch grains 
of the cotyledons are like those of the rose apple. 

Chof Structtjeal Characters. — Fruit purple, about half as long 
as rose apple, calyx lobes absent, pericarp grown to the single seed. 

Chains of mesocarp cells and hairy endocarp absent; mesocarp 
stone cells smaller and more elongated than in rose apple. Spermoderm 
stone cells fiber-like. Embryo much like that of rose apple. 

CHEMICAL COMPOSITION.— See Hose Apple. 

MACOPA 

Eugenia javanica lam. 

This Malayan species is grown in the Philippines, but Pratt and 
Del Rosario ^ state that, although it is one of the most attractive fruits 
in the market, the pulp is tasteless and fluffy. 

MACROSCOPIC STRUCTURE.— The turbinate pink fruit, with 
incurving and sunken calyx lobes, is about 4 cm. in diameter. As illus- 
trated by the authors named above, the seed is similar in size to that 
of the rose apple but in the two samples kindly furnished by Miss 
Maria Orosa of the Philippine Bureau of Science, the seeds were 
abortive. 

MICROSCOPIC STRUCTURE. Pericarp.— The outer mesocarp 
consists of large uniform pulp cells with oleoresin cavities immediately 
beneath the epicarp and occasional stone cells like those in the rose 
apple. The inner mesocarp consists of chains of small cells separated 
by intercellular cavities and ending in etidocarp hairs. Only in the 
region of the attachment of the seeds is a coiitiiiiioiis endocarp evident, 
the cells there being thin-walled and tangentially elongated. 

^ Philippine J. Sci. 1913, 8, 5S. 



812 


FRinTS 


Chief Structural Characters. — ^Fmit turbinate, pink, 4 cm.; 
cal5n{: lobes sunken., incurved. 

Outer mesoearp pulp cells uniform, forming a close tissue; oleoresin 
cavities and stone cells as in rose apple; inner mesoearp of string-like, 
more or less free chains of small cells ending in endocarp hairs. 

CHEMICAL COMPOSITION.—See Bose Apple. 



FRUITS OF THE DOGWOOD FAMILY 

(ComacecB) 

Several species of the dogwood family bear edible fruits, but only 
one, the cornel cherry, is here considered. 

CORNEL CHERRY 

Cornua mas L. 

Fr. Cornouille. Sp. Cornejo. It, Comiolo. Ger. Komelkirsche, 

The fruit of this species, which is much larger than that of oiir native 
dogwoods, is much prized in Europe where it is native. 

MACROSCOPIC STRUCTURE. — The small yellow flowers axe 
borne in umbels. The fruit is bright red, oblong, about 2 cm. long, with 
the remains of the style in a depression at the tip. A juicy fruit flesh, 
about 2 mm. thick, covers an elliptical, rough or furrowed stom with 
two locules and one or two cylindrical seeds ^ each with bulky endosperm 
and flat, thin cotyledons. 

MICROSCOPIC STRUCTURE. — Examination of the fruit of 
Cornus fiorida L. corroborates in the main GriebeFs findings ^ on the 
European species. 

Pericarp. — This is made up of: (1) epicarp of thick- walled, porous 
cells with occasional large stomata and T-shaped, thick-walled hairs or 
their scars; (2) mesocarp of colorless pulp cells, tannin cells (Inklusen), 
delicate bundles, and occasional crystals; and (3) endooarp of a mass 
of thick-walled, colorless stone cells, many with single crystals. 

Spermoderm. — Characterless. 

Endosperm. — The bulky tissue consists of small aleurone cells rich 
in fat. 

Embryo. — The small cells of the cotyledons contain protein and fat. 

CHEMICAL COMPOSITION. — The range in composition of the 
flesh, as given by Hotter,- appears below: 


Composition’ of Cobntel Cherry (Hotter) 



Solids, 

total 

SoHds, 

insol- 

Extract 

1 

Acids 
as malic 

Sugars, 

total* 

Dex- 

trose 

Levu- 

lose 

Tan- 

nin 

Ash, 
total t 

i 

Min... . 
Max... . 

i 

% 

18.0 

21 .2 

% 

4.4 

4.4 

% 

13.8 

15.8 

% 

2.9 

2.9 

% 

8.1 

9.1 

% 

4. 1 
4.S 

4.1 

4.7 

% 

0.08 

0.09 

% 

0.73 

0.74 


* As invert, i’ Phosph.oric acid 0.05 to 0,089c • 


1 Moeller: Mikros. Nahr.-Genussm., Berlin, 3 Aufl. 1928, p. 261. 

2 Z. landw. V'ers’uchsw. 1906, 9, 747. 
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FRUITS OF THE HEATH FAMILY 

{Ericacesa) 

All the woody plants of this family yielding the small edible “berries’' 
herewith described grow in temperate or sub-arctic regions. 

COMPARATIVE MACROSCOPIC STRUCTURE.—The cranberry 
and foxberry haTe four calyx teeth and four locules; the blueberries 
and huckleberry have fve calyx teeth and ten locules. In all, the seeds 
are anatropous with a thin spermoderm, bulky endosperm, and small 
axial embryo. 

COMPARATIVE MICROSCOPIC STRUCTURE.— Stone cells occur 
in the mesocarp of the huckleberry ; they form a dense endocarp in the 
huckleberry and a loose endocarp in the blueberries, but are absent in 
the cranberries. The outer epiderm of the spermoderm of the cranberries 
has tertiary gelatinous thickenings. The endosperm of all the species 
contains aleurone grains but no starch. 

COMPARATIVE CHEMICAL COMPOSITION.— Representative 
of this family are the blueberry which is moderately saccharine but low 
in acid and the cranberry which is low in sugar but high in acid. In 
both cases citric is the chief acid but a certain amount of malic acid is 
also present. 

HUCKLEBERRY 

Gaylnssacia resimsa Torr. et Gray 

Of the several species of Gaylnssacia, all natives of the Western 
Hemisphere, the common or black huckleberry {G. resinosa) is the 
most abundant and the fruit is gathered in large quantities for the 
market. 

Of less importance is the blue tangleberry or dangleberry {G. frondosa 
Torr. et Gray) and the buckberry (G. ursina Torr. et Cray). In the 
central states the name ‘‘huckleberry" is applied to the tall swamp 
blueberry (Vaccinium corymbosum) . 

Like the blueberries, the huckleberry is much prized raw, as well 
as cooked in pies and puddings. It is also dried and canned. Huckle- 
berry jam, although not commonly made, is of excellent flavor. 

MACROSCOPIC STRUCTURE. — The flower resembles that of the 
blaeberries but the ovary is ten-celled. 

814 : 
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Also in its fruit (Fig. 283, I), the hucMeberry externally resembles 
the blueberries, but is black without a bloom or rarely wliite. It bears 
a crown of five pointed calyx lobes surrounding a depression bearing 
the scar of the style. It is a ten-celled drupe, not a true berry, each 
so-called ^eed consisting of endocarp ■with a single seed within. The 
stones (II) surround the axis like the segments of an orange. Magni- 
fied they have a granular appearance (III) and in cross section (IV) 
are seen to be made up largely of woody endocarp enclosing the endo- 
sperm in the axis of which is the minute elongated embryo. 





Fig. 283.— Huckleberry. I fruit seen from above, X 1. II fruit in cross section. 
X I. Ill stone. X 8. rV stone in cross section: End endocarp, S spermoderm, 
E endosperm, Em embryo. X 8. (AL.'W'.) 

Fig, 284.— Huckleberry. Outer pericarp in cross section, epi epicarp; hy hypo- 
derm; mes mesocarp; Sjt stone cells. X 160. (A.L.W.) 

MICROSCOPIC STRTJCTTJRE, — Winton ^ finds the structure quite 
different from that of the blueberries or the cranberries. 

Pericarp (Figs. 284 and 285). — The four layers are : (1) epicarp (epi) 
of polygonal cells with a thin cuticle, (2) hypoderm {hy) forming a 
double or triple layer of cells with somewhat thickened walls, (8) meso- 
carp {mes) of thin-walled parenchyma and stone cells {st), and (4) 
endocarp {end) of large stone cells and narrow sclerenchyma fibers {If) 
longitudinally arranged. 

^Z. XJnters. Nahr.-Grenussm. 1902, 5, 785; Connecticut Agr. Exp. Sta. Rep. 

1902 , p. 288 . 


815 


FRUITS 


Being usually of large size with relatively broad lumen, the stone 
cells crush between the teeth, in eating the fruit. 

Spermodenn (Fig. 285, S; Fig. 286). — ^The cells of the single layer 
are large, wavy in outline, usually elongated, with reticulated walls 
formed by pores about 4 /x in diameter. 

Perisperm (Fig. 285, N ). — This is reduced to a narrow structureless 
coat. 

Endosperm (Fig. 285, E ). — The cells contain aleurone grains seldom 
reaching 10 



Tig. 285. — Huckleberry. Endocarp and seed in cross section. End cndocni'p with, 
krge stone cells and If narrow fibers. S spermoderrn, N porisperm. E endo- 
sperm. X 160. (A.X.W.) 

Embryo. — Characterless. 

Chief Sthtjctural Characters. — Fruit drupaceous, globular, 
black without bloom or rarely white ; calyx teeth five ; stones ten; endo- 
carp woody and bulky. Seed small, consisting largely of endosperm with 
minute axial embryo. 

Cuticle thin; mesocarp with stone cells; endocarp of stone cells and 
sclerenchyma fibers. Spermoderrn of single layer of wavy- walled 
reticulated cells. Endosperm of aleurone cells. 
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CHEMICAL COMPOSITION, — k single analysis by Atwater and 
Bryant ^ showed the following percentages: 



Fig. 2S6.-— Huckleberry. Spermoderm in surface view. X 300. (AX.'W.) 


Respiration— Gore, 2 operating with 3 samples, noted a maximum 
evolution of 84 mg. of carbon dioxide per kilo per hour at 30.6'' C. and 
a minimum of 7 mg. at 0.9° C. 

Minor Mineral Constittients, Iron , — Berries 10 mg. per kilo, fresh basis 
(Hausermann quoted by Sherman).® 

1 TJ, S. Dept. Agr., Off. Exp. Sta. 1906, Bui. 28 rev. 
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BLUEBERRY 

Vacdnium spp. 

Ger. Heidelbeere. 

Two low-growing shrubs, V. pennsylvanicum Lam., an early-fruiting 
species, and V, vacillans Kalm., a later-fruiting species, growing wild 
in the United States, supply the blueberries most commonly found on 
sale in the markets of the northern and eastern sections. Both yield 
sweet berries. Of the swamp blueberries the high-growing V. corym- 
homm L., the most important, yields a sweet berry, the low-growing V, 
canadense Kahn., a sour berry. Characteristic of the above species, as 
well as others of lesser importance, all belonging to the section Cyan- 
ococcus, is the blue-black berry with a bloom, although varieties of 
some, if not all, the species named, as well as the European whortle- 
berry (U. myrtillus L.), have black berries. Albino forms of most of 
the species have been reported. 

Munson^ has devoted much attention to blueberries growing in 
Maine, both wild and cultivated. He states that in the southeastern 
part of Maine there are 150,000 acres of “ blueberry barrens ’’ yielding 
thousands of bushels of fruit, most of which goes to canneries. Coville, 
on soil corrected for acid deficiency hy the addition of alum, has grown 
blueberries the size of grapes. 

MACROSCOPIC srRUCTDRE.~-The calyx tube is adherent to the 
ovary, the five short calyx teeth persisting at the top of the fruit. The 
bell-shaped or cylindrical, white or pink corolla is also five-toothed but 
does not persist on ripening. Each of the five carpels is divided by a 
false partition which is an outgrowth of the midrib. 

Berries of the common species are smooth, an exception being the 
hairy berry of T. Mrsuium Euckl. Wild berries seldom reach 12 mm. 
in diameter but cultivated berries often exceed 2 cm. Each cell 
of the berry is lined by a thin but woody endocarp and contains 
numerous seeds. The embryo is minute, in the center of the bulky 
endosperm. 

MICROSCOPIC STRUCTURE.— Miiller and Blau^ made an 
exhaustive study of the berries of F. myrtillus L. 

Pericarp (including calyx tube) .—The layers (Tig. 287) are (1) epi- 
carp [epi] of beaded cells, containing a dark red solution; (2) hypoderm 
of collenchyma cells; (3) mesocarp of thin-walled sometimes scleren- 

^ Maine Agr. Exp. Sta. Rep. 1901, p. 113; also Bui. 76. 

2Pliann. Post 1902, 36, 461. 



BLUEBEEHY 


819 


chymatous parenchyma, with calcium oxalate rosettes {cr) in the inner 
portions, and fibro-vascular bundles {jv) ; and (4) mdocarp (sc) con- 
sisting of a single layer of stone cells of various shapes and sizes in 
loose contact. 

Cal3rx Teeth (Fig. 287). — The outer epiderm (ep) is similar to that 
on the body of the berry (epicarp), but stomata with crescent-shaped 
accompanying cells are present. 

Spennodenn. — The ottter epiderm (Fig. 287, aep) is characterized by 
the great thickness of the inner walls and the inner portions of the side 
walls, also the numerous fine pores. From the corresponding cells of 
the cranberry, these are dis- 
tinguished by the absence of 
mucilagiiious thickening. The 
remainder of the spermoderm 
consists of thin-walled paren,- 
chyma, compressed in the in- 
nermost layers. 

Endosperm and Embryo. — 

The aleurone grains vary up 
to 8 jii. 

Chief Structora.l Char- 
acters.— Berries globular, 
smooth (except in hairy blue- 
berry), blue or black, often 
with bloom, crowned by five 
calyx teeth; carpels five but 
locules of fruit ten by false 
partitions; endocarp thin but woody. Seeds numerous; embryo minute 
in axis of bulky endosperm. 

Epicarp with beaded (porous) walls ; mesocarp of thin-walled cells, 
some sclerenchymatized but not, as in huckleberry, stone cells; endo- 
carp of single layer of stone cells (not elongated cells as in cranberry or 
dense stone cell tissue as in huckleberry) . Outer epiderm of spermoderm 
with inner walls and inner portion of radial walls thickened and porous 
but without mucilaginous thickening. 

CHEMICAL COMPOSITION. — Of the meager literature, analyses 
of the European blueberry by Kulisch^ and by Ystgaard^.and a single 
analysis of the American blueberry by Atwater and Bryant^ are 
reproduced on page 820. 

1 Z. aiigew. Chem. 1804, p. 148. 

2 Tids. Norske Landbr. 1902, 9, 125. 

a IT. S. Dept. Agr., Off. Exp. Sta. 1906, Bui. 28 rev. 



fruit and seed in surface view, epi epicarp; 
ep outer epiderm of calyx tooth ; jv £bro- 
vascular bundle and cr crystal cells of rueso- 
carp ; sc stone cells of endocarp ; aep outer 
epiderm of spermoderm. X 160. (AT.W.) 
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Composition op Bluebpery 



Sam- 

ples 

Solids 

Pro- 
j teia 

Fat 

Acids as 
citric 

Inrert 

sugar 

N-f. 

ext. 

Pento- 

sans 

Fiber 

Ash 



% 

% 

% 

% 

Yo 

% 

% 

% 

% 

T^nlisaTi .... 

1 

13.40 

0.83 


1.13 

6,28 




0.32 

Ystgaard: 

4 









Min 


10.7* 



0.55t 

3.80 


0.6* 

1.7* 

0.06* 

Max 


19.7* 



•l.OOt 

6,00 


1.4* 

4.7* 

0.15* 

Aver 


16.3* 

0.60t 


0.93t 

4.89 


0.98* 

3.19* 

0.11* 

A. and B... . 

1 

17.6 

0.7 

3.0 


— 

13.5 

..... 

3.2 

0.4 


* 2 samples, t Tiie acid as which the total acid is calculated is not stated. Two samples con- 
tained 0.38 to 0.45, aver. 0 . 42 % of malic acid and 0.02% of citric acid. J 1 sample. 


The range in composition of the pulp of 8 samples of Austrian blue- 
berries reported by Hotter ^ follows : total solids 11.8 to 17.0, insoluble 
solids 2*8 to 4.7, extract 9,3 to 10.3, total sugar as inyert 4.7 to 7.0, 
glucose 1.8 to 2.9, fructose 2.8 to 3.9, sucrose 0.1 to 0.6, acid as malic 
0.9 to 1.2, tannin 0.13 to 0.31, total asb 0.27 to 0.37, and phosphoric 
acid 0.03 to 0.07 per cent. 

Composition of Blueberry Juice, — The composition of the juice of 
European blueberries (species not given) is represented by 5 samples 


Composition op Bltjebeeey Juice 


(Grams per 100 cc, juice) 



Samples 

Sp.gr. 
15° C. 

Solids 

Pro- 

tein 

Acids as 
citric 

Invert 

sugar 

Su- 

crose 

Ash, 

total 

Asli, 

alk.* 

W. and S.: 

Min 

5 

1.027 

7.06 

0.09 

0.87 

3.92 

0.09 

0.23 

24 

Max 


1.039 

9.99 

0.31 

1.19 

6.07 

0.26 

0.32 

35 

Aver 


1.033 

8.62 

0.23 1 

0,95t 

6.14 

0.19 

0.26 

26 

Feder: 

V. myrtillns.. . 

1 


11.38 

0.07 

1.22 

8.84 


0.25 

25 

V. uliginosum. 

1 


10.27 

0.09 

1.04 

8.20 


0.19 

19 


*Cc. N/10 acid per lOO ce. juice, f Tannin, 1 sample 0.20%. 

^ 2. landw. Versuchsw. 1906, 9, 747. 
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analyzed by Windisch and Schmidt ^ and by 2 samples, each from a 
different species, analyzed by Eeder.^ See table page 820. 

In green, semi-ripe, and fully ripe Alsatian whortleberries, Guillaume 
and Lego ^ found respectively: citric acid 0.135, 1.10, and 0.832 per cent; 
malic acid 0.100, 0.040, and 0.044 per cent; reducing sugars 0.480, 
1.51, and 2.24 per cent; sucrose 0.219, 0.20, 0.50 per cent; and total 
sugars 0.708, 1.71, and 2.74 per cent. 

Composition of Bluebeny Seeds. — Analysis by Diedrichs^ of the 
clean air-dry seeds separated from European blueberries gave: water 
6.75, protein 17.87, fat 31.00, nitrogen-free extract plus fiber 42.72, 
and ash 1.66 per cent. 

Fatty Oil of Seed. — Diedrichs ^ reports the following values of the 
drying oil obtained from the seeds: specific gravity at 15° C. 0,0331, 
refractive index at 25° C. 1.4782, saponification number 190.4, iodine 
number 167.2, Reichert-Meissl numW 0.66, Polenske number 0.30, 
Hehner number 95.72, acid number 3.82, and bexabromides of linoleic 
and linolenic acids 28.5 per cent. 

Acids, — In European whortleberries, classed as huckleberry by 
Bigelow and Dunbar,® in their review of the bterature on the organic 
acids of fruits, INTacken,^ Kunz and Adam,^ Jorgensen,® and Muttelet^® 
found citric acid together with more or less malic. Muttelet reports 
citric 0.76 per cent, malic 0.05 per cent, an,,d tartaric none. Kaiser,^ ^ 
by the ester-hydrazide method, found in percentages of the total acids 
as follows: citric 72.38, malic 18.70, succinic 4.87, lactic 0.81, exalte 
0.16, quinic 2.68 (?), and unsaturated 0.40 per cent. Lebedev and 
Linquist found that only half of the acid in V. oxyccccus is due to 
citric, the remainder consisting chiefly of quinic acid. 

Nelson reached the conclusion that the acids of the American 
blueberry are citric with a little 2-malic. 

Color. — Diemair and Lix believe that the blue color obtained in 

^ Z. Unters. Nahr.-Genussm- 1909, 17, 584. 

2 Pham. Zentralh. 1912, 53, 1321. 

® Ann. fals. 1934, 26, 12. 

^Z. Unters. Nahr.-Genussm. 1912, 24, S75. 

5 Loc. cit. 

8 J. Ind. Eag. Chem. 1917, 9, 762. 

Forschungsber. Lebensm. 1895, 2, 350. 

®Z. Unters. Nahr.-Genussm. 1906, 12, 670. 

^ Ibid. 1907, 18,241. 

Ann. fals. 1924, 17, 454. 

Silddeut. Apoth. Ztg. 1925, 65, 48. 

Z. Unters. Lebensm. 1933, 65, 476. 

J. Am. Chem. Soc. 1927, 49, 1300. 

Z. Unters. Lebensm, 1933, 66, 540- 
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the Plahl test with whortleberry juice is due to substances formed during 
the reaction that act on metallic ions. Phloroglucinol, furfurol, and 
protocatechuic acid were identified as products of the reaction. 

Mineral Constituents. — ^Kulisch^ in a single analysis of the ash 
found: 


K 20 

CaO 

MgO 

PsOb 

% 

% 

% 

% 

32.9 

8.7 

5.9 

12.8 


Minor Mineral Constituents. Iron . — ^Berries 4.1 mg, per kilo, fresh basis 
(Peterson and Elvehjem).® 

Manganese . — Berries 314.9 mg. per kilo, dry basis (Peterson and Skinner).® 
Copper . — Berries 1.1 mg. per kilo, fresk basis (Lindow, Elvekjem, and Peterson).* 


CRANBERRY 

Yaccinium macrocarpon Ait. 

The cranberry is a native American bog plant. Its cultivation began 
in the Cape Cod region but has extended to New Jersey, Wisconsin, and 
other states. The production is very large. Because of the presence 
of benzoic acid, this fruit, like the foxberry, keeps a long time, often 
drying up without decaying. 

The fruit is exceedingly sour and not edible until cooked and sweet- 
ened. Both the sauce (jam) and jelly have a most pleasing flavor and 
are highly esteemed as adjuncts to roast turkey. 

The small cranberry (F. Oxycoccus L.), a species indigenous to both 
the Old and New World, yields small fruits of no commercial importance. 

MACROSCOPIC STRUCTITRE (Fig. 288),— Like the foxberry but 
unlike the blueberries, the cranberry is four-merous. The four minute 
calyx teeth crown the ovary and persist on the fruit (I) . The corolla 
is four-parted and deciduous. The frmt varies in form from globular 
to ovoid and in color from pink to maroon. Often the individuals reach 
1.5 cm. in diameter. The fruit has four locules, each with several seeds 
on axial placentse (II). When ripe not only the epicarp but also the 
inner fruit tissues are commonly colored red. 


^ Loc- cit. 

2 J. Biol. Chem. 1928, 78, 215. 
® J. KTutrition 1931, 4, 419. 

* J. Biol. Chem. 1929, 82, 465. 
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The seeds (III, IV) are yellow, short-beaked, and anatropous. They 
ha^e a firm spermodenn., a bulky endosperm, and a small axial embryo 
consisting largely of radicle. 



Tig. 288.— Cultivated Cranberry. I beny seen from above, X 1- H beny in 
cross section, X 1 . HI seed, X 8. IV seed in cross section; 8 outer and B 
inner spermodenn, R raphe, E endosperm, Em embryo. X 15. (Ai.’W.) 


MICROSCOPIC STRUCTURE,— Wintoni also Griebel^ studied 


this fruit and the foxberry. 

Pericarp* — In both the cran- 
berry and foxberry there are four 
tissues: (1) epicarj) (Tig. 289) of 
polygonal cells with a strongly 
developed cuticle but no stomata ; 
(2) hy'pcderm (Fig. 289) of polyg- 
onal cells larger than those of 
the epiearp, forming a single 
layer; (3) mesocarp of iso dia- 
metric ground tissue cells, 
mostly of considerable size (up to 



Fig. 289. 



Fig. 290. 


Fig. 289. — Cultivated Cra-nberry. Epiearp and hypoderm in surface vieF. X160. 

(AT.W.) 

Fig. 290.~^Cultivated Cranberry. Endocarp with stoma in surface view. X160. 

(AX.W.) 

1 Z. Enters. Nahr.-Cenussni. 1902, 5/V85. 

2 Ibid. 1924, 48, 228. 
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200 ii); and (4) endocarp (Fig. 290) of large, irregular, porous- walled 
cells, mostly loagitudinally elongated (often up to 350 ix), and well- 
formed stomata. 

Spermodemi. — Two forms of tissues are present: (1) outer epidem 
(Fig. 291, ep; Fig. 292) of large, longitudinally elongated cells with 
thick, porous secondary thickening on the inner walls and inner ends 
of radial walls and in addition mucilaginous tertiary thickening on the 
radial walls; and (2) inner layers (Fig. 291, m) of large, somewhat thick- 
walled porous cells, often collapsed with no marked differentiation of 
an inner epiderm. 

The outer e^tderm is remarkable alike in cross section and in surface 



I’lG. 291. — Cultivated Cranberry. Seed in cross section. Spermoderm ; ey outer 
epiderm, m inner layers. JS endosperm. X 160. (A.L.W.) 

view. Treated with cUorzinc iodine, the secondary walls stain yellow, 
the swollen mucilaginous tertiary walls blue. Surface mounts show 
that the pores are transversely elongated. 

Endosperm (Fig. 291, U ). — Isodiametric aleurone cells form the 
entire tissue. The aleurone grains are small. 

Embryo. — The small thin-waJled cells are not noteworthy. 

Chief Structural Charactuks. — Fruit globular or ovoid, 
various shades of red, up to 1.5 cm.; calyx teeth and locules four. 
Seeds several in each locule, beaked; endosperm bulky; embryo cen- 
tral, minute. 

Epicarp and hypoderm of polygonal cells; endocarp of large elon- 
gated porous cells and stomata. Outer epiderm of spermoderm with 
secondary sclerenchyma thickening on inner and radial walls, also 
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tertiary mucilaginous thickening on radial walls. Endosperm of 
aleurone cells. 

CHEMICAX COMPOSITION. — Goessmann ^ reports 2 analyses as 
follows: solids 10.71 and 10.11, protein 0.00 and 0.10, ash 0.00 and 0.18, 
and in the juice reducing sugar 1.35 and 1.70, sucrose 0 and 0, and acid 
as citric (recalculated from malic) 2.34 and 2.53 per cent. 



Fig. 292.— Cultivated Cianberry. Outer epidenn of spermoderm in surface view. 

X 160. (AX.W.) 

Morse and Jones ^ determined the proximate food constituents in 
3 varieties with results as shown below : 


Composition op Ceanbereies (Morse and Jones) 



Solids 

Protein 

Fat 

N-f. ext. 

Fiber 

Ash 


% 

% 

% 

% 

% 

% 

Howes 

12.23 

0.35 

0-97 

9.25 1 

1.51 

0.15 

McFarlin 

11.26 

0.35 

0.57 

9.00 

1.18 

0.16 

Centennial 

12.84 

0.28 

0.51 i 

10.73 

1.15 

0.L7 


1 J. Am. Chem. Soc. 1879, 1, 423. 

2 Massachusetts Agr. Exp. Sta. 1920, Bui. 198, 75. 
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Morse ^ determined solids, acid, and sugar, in cranberries grown in 
three states, with results summarized in the following table : 



Varieties 

Samples 

Solids 

Acids as 
citric 

Sugar, 

total 

Massachusetts: aver 

43 

87 

% 

12.36 

% 

2.30 

% 

4.13 

New Jersey : aver 

13 

13 

12.03 

2.36 

3.74 

'Wisconsia: aver 

12 

16 

11.63 

2.41 

3.64 

All three states: 

Min 



10.58 

1.87 

2.45 

Max 

. . 

. . 

13.60 

2.71 

5.66 

Aver 



12.22 

2.32 

4.00 


Changes in Composition during Ripening. — When the fruit is left 
on the Tines, Morse ^ found that during 1926 the total sugar of the 
Tariety Early Black increased from 1.98 per cent on August 31 to 3.74: 
per cent on September 23 and of the variety Howes from 1.63 per cent 
on August 31 to 4.51 per cent on October 7. The percentage of solids 
showed a somewhat smaller gain indicating that the sugar is formed in 
part at the expense of other constituents which, however, could not 
have been starch since the latter in no case varied outside the limits 
0.10 to 0.15 per cent. Experiments made the following year brought 
out no appreciable change in acid during ripening, although fiber and 
protein decreased slightly whereas wax increased. Results obtained at 
the end of the period follow: 



Solids 

Protein 

Wax 

Acids as 
citric 

Sugars, 

total 

Fiber 


% 

% 

% 

% 

% 

% 

Early Black 

11.5 

0.40 

0.47 

2.86 

3.5 

1.22 

Howes 

11.9 

0.31 

0.35 

2.61 

3.7 

1.47 


Changes in Composition during Cold Storage,— hlorse,^ continuing 
the experiments of Morse and Jones ^ who noted greater hjsses during 
ordinary storage than during cold storage, records a small but distinct 
loss of total sugar and a less pronounced loss of acid during cold storage 

1 Ibid. 1930, Bui. 266, p. 89. 

* Loc. cit. 

* Loc. cit. 
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from November until late Winter or Spring. These losses, often obscured 
by a gain in solids due to drying, are attributed to respiration. The 
maximum loss of total sugar Tras 1.0 per cent and of acid 0.3 per cent. 

Acids. — Aparin ^ found in the European cranberry and Kunz and 
Adam 2 in the foxberry only citric acid. Mach, and Portele^ report in 
tbe foxberry, BigeloT^ and Dunbar,^ also Nelson,^ in tbe American 
cranberry, citric and ndic acids. ISielson gives tbe ratio of citric to 
^-malic as 80:20. Stole® found glyoxylio acid, reported by others in 
green fruits, in the European cranberry. Rising ^ states that in addition 
to citric and malic acids isovaleric acid is present. 

Loew® first called attention to the presence of hmzcic add in tbe 
foxberry, and later Mach and Portele^ made quantitative determina- 
tions showing 0.066 to 0.086 gram and Schmidt^ 0.045 to 0.112 gram 
of benzoic acid per 100 cc. of juice. 

According to GriebeP® tbe foxberry contains 0.1 per cent of a glu- 
coside vacciniin (C6Hii(C6ll6C0)06) which is a glucose ester of benzoic 
acid. He reports the following results: foxberry, free benzoic acid 
0.054 to 0.144, total 0.088 to 0.224; European and American cranberries, 
free benzoic acid 0.011 to 0.041, total 0.021 to 0.061 per cent. Results 
by Rising on the foxberry show similar amounts of free benzoic acid 
hut higher amounts in combination thus: free benzoic acid 0.002 to 
0.104, total (free and combined) 0.246 to 0.315 per cent. 

In American cranberries, Mason found 0.05, Bigelow 0.C21 to 
0.043, Eadin^^ 0.06, Nelson^® 0.069, and Claque and Fellers^® 0,029 
to 0.098 per cent of benzoic acid. The last-named authors observed 
that a high benzoic acid content is not always indicative of keeping 
qualities. 

Gluco sides. Vacciniin, — See preceding section. 

Unters. Nahj.-Genussm. 1904, 8,254. 

Mbid.1906, 12, 670. 

2 Landw. Vers.-Stat. 1890, 38, 69. 

4 J. Ind. Eng. Ctem. 1917, 9,762. 

U. Am. Ctem. Soc. 1927, 49, 1300. 

eZ. \rer. Zucterind. F.) 1900, 37, 609- 

’ Kgl . Landtbruks-Akad. handl. Tidskr. 1914, p. 329. 

8 J. pmkt. Chem. 1879, 19, 312. 

° Z. Uttters. Hafar.-Gennssm. 1908, 15, 138. 

iMMd. 1910, 19, 241. 

Loc. cit. 

12 J. Am. Chem. Soc. 1005, 27, 513. 

13 U. S. Dept. Agr., Bai. Chem. 1905, Bui. 90, 62. 

14 J. lud. Eng. Chem. 1914, 6, 518. 

i^Lac. cit. 

16 Plant Physiol. 1934, 9, 631. 
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Mineral Constituents. — Goessmann ^ reports a single analysis of the 
ash as follows: potash. 47.96, soda 6.58, lime 18.58, magnesia 6.78, 
ferric oxide 0.66, phosphoric acid 14.27, and silica 5.22 per cent. Morse ^ 
gives results on the basis of the fresh fruit as follows: potash 0.068, 
soda 0.003, hme 0.018, magnesia 0.009, iron 0.00022, manganese 0.00057, 
phosphoric acid 0.019, sulphur 0.005, and chlorine 0.004 per cent. The 
alkalinity of the ash was 22 cc. iV/10 alkali per 100 grams of fruit. 

Minor Mineral Constituents. Irm. — Berries, 2 samples, 4.0, 4.7 mg. per kilo, 
fresh basis (Toscani and ReznikofE).® 

Copper . — Berries 0.9 mg- per kilo, fresh basis (Lindow, Elvehjem, and Peterson). ^ 
/odwe.— Berries 0.026 to 0.035 mg. per kilo (Morse).^ 


FOXBERRY 

Yaccinmm Vitis-Idded L. = Vitu-Idsea Yitis-Idxa Brit, 


Fr. Airelle rouge. Sp. Arandano. Ger. Preisselbeere. 

Other English names for this berry are mountain cranberry and 
cowberry. It grows wild in the northern part of the United States as 
far west as Minnesota and northward into Canada and British Columbia. 
Large quantities are gathered in Canada both for local use and ship- 
ment in barrels with water to the United States. In Germany and 
Austria the berries are also gathered from wild plants and used for 
making sauce and preserves. 

MACROSCOPIC STRUCTURE. — The herries are smaller than the 
cranberry but are otherwise similar. 

MICROSCOPIC STRUCTURE. — Aside from the outer epiderm of 
the spermoderm (Fig. 293) which has a 
mucilaginous tertiary thickening on outer 
and inner walls adjoining the lumen, as 
well as on radial walls, the structure is 
like that of the cranberry. Whether this 
distinction holds good for all specimens 
remains to be decided. 

Chief Structural Chaeactees. — 
Noted above. 

CHEMICAL COMPOSmOR.— Analyses of the whole fruit by 
Tstgaard and by Rising ® are in accord with those of the juice given 



Fig. 293. — Foxberry. Spermo- 
derm in cross section. X 160. 
(A.L.W.) 


^ Loc. cit. 

2J. Biol. Chem- 1929, 81, 77. 

3 J. Nutrition 1934, 7, 79. 

^ J. Biol. Chem. 1929, 82, 465. 

® Tids. Norske Tandwbr. 1902, 9, 125. 

®Kgl. Landtbruks-Akad. Hand!. Tids. 1914, p.329. 
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in the snlsequettt table. Whether the total acid was calculated as 
citric or malic does not appear, but the difference by the two methods 
is only four parts ia one hundred. The percentages of the indi-vidual 
acids seem low, about 1 per cent being unaccounted for. 


OOMPOSrXION OF POXBURUT 



Sam- 

ples 

Solids 

1 

Pro- 

tein 

Acids, 

total 

Citric 

add 

Malic 

acid 

Sugars 

Pento- 

sans 

Fiber 

Ystgaard. - . 
Min 

5 

% 

1 

14.20 

% 

% 

1,80 

% 

0.62 

% 

0.25* 

% 

5.70 

% 

0.50 

% 

Max 


17.60 


2.00 

1.30 

0.38* 

7.00 

0.60 


Aver. .... 


15.48 

0.26t 

1.92 

0.64 

0.31* 

6.40 

0.59 

1.88f 

Rising: 

Min 




2.00 

.... 


7.30 



Max. .... 




2.20 



8.30 

.... 

— 


* 4 samples. 1 1 sainple. 


In 5 samples of Austrian foxberries Softer ^ reports the foEowing 
mmimum and maximnm results: total solids 151 to 17.7, insoluble 
solids 3.6 to 4.3, extract 12.1 to 14.7, total sugar as inyert 6.9 to 10.4, 
glucose 3.0 to 4.6, fructose 4.0 to 5.8, sucrose 0.4 to 0,8, acid as malic 
1.8 to 2.1, tannin 0.17 to 0.33, total ash 0.23 to 0.30, and phosphoric 
acid 0.03 to 0.04 per cent. 

Composition of Foxberry Juice. — summary of 4 analyses of the 
juice by Windisch and Schmidt ^ in grams per 100 cc. of the juice 
appears in the following table: 


Composition of roxBERRT Juice (Windisce and Schmidt) 



Sp. gr. 
1S° C. 

Solids 

Pro- 

tein 

Acids as 
citric 

Invert 

sugar 

Su- 

crose 

Tannin 

Ash, 

total 

Ash, 

alk.* 

Min 

1.038 

9.88 

0.11 

1.71 

5.89 

0.00 

0.17t 

0.28 

30 

Max 

1.049 

12.56 

0.17 

2.10 

7.97 

0.62 

0.20t 

0.36 

39 

Aver 

1.043 

11.28 

0.12 

1.92 

6.47 

0.48 

0.19t 

0.32 

34 


* Cc. iV/lO acid pel lOO cc. jmce. 1 2 samples. 


^ Z. landw. Versuchs^w. 1906, 9, 747. 

^Z. Unters. Nahr.-Genassm. 1909, 17, 584. 
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Composition of Foxberry Seeds. — ^Analysis by Diedrichgi of the 
clean air-dry seeds separated from European foxherries gave: water 
5.97, protein 23.24, fat 30.12, nitrogen-free extract plus fiber 38,56, 
and asli 2.11 per cent. 

Eatty Oil of Seed. — Diedrichs ^ reports the following values of the 
drying oil obtained from the seeds: specific gravity at 15® C. 0.9301, 
refractive index at 25° C. 1.4753, saponification number 190.1, iodine 
number 169.2, Reichert-Meissel number 0.55, Polenske number 0.30, 
Hehner number 95.7, acid number 1.94, and hexabromides of linoleic 
and linolenic acids 22.8 per cent. 

Acids. — See Cranberry. 

Gluco sides. — See Cranberry. 

*■ Z. Tlnters. Nahr.-Genussm, 1912, 24, 675. 

2Loc. cit. 



FRTTITS OF THE SAPOBILLA FAMILY 

(Sapotacese') 

Theee fruits, the sapodilla, the star apple, aad the sapote, are the 
best-known representatives of the family. 

COMPARATIVE MACROSCOPIC STRUCTURE.— The outstand- 
ing macroscopic and microscopic character of the family is the presence 
of chains of latex sacs in the mesocarp. These occur also in the coty- 
ledons of the sapote. 

The ovary is several-celled hut in the fruit not all the cells contain 
seeds. Characteristic of the seed is the hard outer spermoderm. Endo- 
sperm or embryo may be developed one at the expense of the other. 

COMPARATIVE MICROSCOPIC STRUCTURE.— In addition to 
latex sacs, the mesocarp of the sapodilla and sapote contain stone cells 
which are lacking in the star apple; the latter, however, has a char- 
acteristic gelatinous inner mesocarp about the locules. Stone cells 
form the outer spermoderm in all the species. Iodine in potassium 
iodide stains the cell walls of the endosperm of the sapodilla blue. 
Starch is absent throughout the group. 

COMPARATIVE CHEMICAL COMPOSITION.— Fruits of this 
group are rather insipid owing to the high content of sugar and low 
acidity. 

SAPODILLA 

' Achr as &apota L. = Sapote AcJiras Mill = S, zapotilla Coville. 

Fr. Sapotille. Sp. Zapotillo. It. Sapodilla. Ger. BreiapfeL 

Without doubt the sapodilla is the best and most widely distributed 
of the sapotaceous fruits. It is indigenous to Mexico and Central 
America. Naseberry is another English name. Nispero is a name 
used in Cuba and Mexico. 

Although delicious raw, the fruit does not make satisfactory pre- 
serves. Chace, Tolraan, and Munson found preserves in glass on sale 
in Cuba but state that because of the low acidity they were insipid. 

The tree also yields, on tapping the bark, latex which, concentrated, 
is chicle, the chief constituent of chewing gum. 

MACROSCOPIC STRUCTURE.— The flowers are small, with six 
hairy sepals, a tubular lobed corolla, six perfect stamens, six staiiiinoid('s, 
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md an ovary normally with twelve cells, hut often with only ten. Coin- 
monly the fruit (Fig. 294) is ovoid or nearly round, up to more than 8 
cm. long, depressed at the base, and with the dried-up sepals attached. 
Externally it is russet-brown and roughened; on the cut surface light 
brown with numerous white, hair-like chains of latex sacs evident to 
the naked eye. 

Some or all of the locales are usually empty. When developed, the 
half anatropous, pendulous seeds reach 2 cm. or more in length and are 
flattened, rounded at one end, blunt-pointed at the other, dark brown 
excepting the ribbed edge of attachment, extending two-thirds the 
length, which is light colored. The spermoderm is 
hard and shell-like, the endosperm bulky, the embryo 
straight, as long as the endosperm, with exceedingly 
thin but broad cotyledons and a short radicle. 

MICROSCOPIC STRUCTURE- Pericarp (Fig. 
295). — The tissues are: (1) e^icarp, disorganized in 
the mature fruit; (2) hypoderm {hy) of cork-like cells 
with thickened walls and the inner ones with dark 
contents; (3) outer mesocarp (mes) of thin- walled 
cells, some of the smaller with single crystals and 
some with red-brown contents (r) ; (4) inner me^o 
carp of porous ground tissue cells {mes^) , chains of 
latex sacs (Z), stone cells {st), and fibro-vascular 
bundles; and (5) endocarp (end) of rounded or 
nearly rectangular cells with brown contents. 

GriebeP calls the brown cells of the outer mesocarp 
tannin cells and notes the presence of tannin bodies. 

Spermoderm (Fig. 296, S ). — There are two forms 
of tissues: (1) stone cells with yellow walls and dark 
contents forming a bulky zone and (2) compressed 
brown parenchyma with occasioriiil small white 
stone cells. 

Endosperm (Fig. 296, Id ). — The cells form a 
close tissue with somewhat thickened walls staining blue with iodine 
in potassium iodide, each cell containing an oily granular mass. 

Embryo (Fig. 296, Q ). — The thin-walled cells of the cotyledon con- 
tain small aleurone grains. 

Chief STnucTUitAL Characters. — Fruit 8 cm., depressed at base, 
russet-brown, externally rough, on cut surface brown, showing latex 
sacs ; locales twelve or less, some without seeds. Seed up to 2 crii. long, 
flattened, brown; spermoderm hard ; endosperm bulky; cotyledons thin. 
^ Z. Enters. Lebonsm. 1928, 66, 89. 



Fig. 294. — Sapo- 
dilb. Below: fruit 
cut to show one 
seed. XVi. Above: 
fruit in cross sec- 
tion with three 
seeds and eight 
empty locules, 
Xl4i also seed in 
section, showing 
thin cotyledons in 
bulky endosperm, 
XI. (A.L.W.) 



SAPODILLA 


833 


Epicarp obliterated; bypoderm cork-like; outer mesacarp thin- 
wallel with crystals; inner mesocarp with chains of latex sacs, stone 
cells, and bundles. Spermoderm with outer 
stone cell layer. Endosperm with thick walls 
staining blue with iodine in potassium iodide. 
Embryo with small aleurone grains. 

CHEMICAL COMPOSITION.— The in- 
dividual fmits of 5 samples of Cuban sapo- 
dillas (designated sapota), analyzed by 
Chace, Tolman, and Munson,^ weighed 34 
to 91 grams, and a single sample of Philip- 
pine fruit, analyzed by Pratt and Del 
Rosario, 2 weighed 50 grams. A summary 


Pig. 295. Fig. 296. 

Fig. 295. — Sapodilla. Pericarp ia cross section, hy hypoderm; rncs, outer meso- 
earp with crystal cells and x brown cells; mes- inner mesocarp of p)orous ground 
tissue; st stone colls; I latex sacs; end endocarp. X 160. (K.B.IF.) 

Fig. 296.— Sapodilla. Seed in cross section. S spermoderm of outer stone cells 
and inner compressed parenchyma. E endosperm. C cotyledon. X 150. 

(KE.W.) 

of the percentages of flesh in the fruit and of the individual con-* 
stituents in the flesh appears in the following table (p. 834) . 

Phosphorus-Organic Compounds. Pkyfdn. — Bagaoisan reports 145 
per cent, dry basis, in the flesh. 

* TJ. S. Dept. Agr., Bur. Chem. 1904, Bui. 87. 

2 Philippine J. Sci. 1913, 8, 59. 

3 Philippine Agr. 1932, 21, 53. 
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Composition of Sapoditla Flesh 



Flesh 

in 

fruit 

Solids, 

total 

Solids, Pro- 
insol. tein 

Acids 

as 

malic 

Sugars, 

reduc- 

ing 

Sucrose 

Ash, 

total 

Ash, 

alk.* 

Cuban: 








cc. 

Min 

. 71 

21.01 

8.39t 0.351: 

0.10 

7.34 

l-90§ 

0.38 

44 

Max 

. 81 

25.4:7 

9.90t 0.651: 

0.27 

14.50 

2.64§ 

0.57 

53 

Aver 

76 

22.97 

9.16t 0.471: 

0.21 

10.96 

2.22§ 

0.61 

48 

Philippine. . 

. 85 

27.5 

11.2 0.51 

0.07 

9.38 

4,37 

0.63 

57 


* Cc. AryiO acid per lOO grams pulp. fS samples. | 4 samples. § 2 samples. 


Mineral Constituents. — Chace ^ found 0.50 per cent of ash. in Cuban 
sapodilla and the amounts of mineral constituents in the ash given below: 


K 2 O 

CaO 

MgO 

P 2 O, 

SO 3 

Cl 

% 

% 

% 

% 

% 

% 

43.13 

7.49 

2.83 

2.74 

4.5S 

17.41 


STAR APPLE 

Chryso'phyUnm Caimto L. 

Fr. Cainite. Sp. Cainito. 

The star apple owes its name to the narrow radiating locules seen 
on halving the fruit transversely. It is a native of tropical America. 

MACROSCOPIC STRUCTURE. — In general characters of flower 
and fruit, this species resembles the sapote but Mhejiower is light purple, 
five-merous, and the fruit is white to purple, smooth, five- to ten-loculed 
with several of the locules empty - 

In cross section (Fig. 297) the fruit flesh is the same color as the 
skin with numerous hair-like chains of latex sacs as in the sapodilla, 
excepting the band of tissue bordering the locules which is nearly 
colorless and gelatinous in texture. 

The seeds, about 2 cm. long, somewhat flattened, are suspended in 
the locules. They are dark brown and lustrous except the ventral edge 
which is light buff and rough. The hilum is on the ventral edge one- 
third the distance from the rounded to the pointed end. Cross sections 
show that the cotyledons are broad as in sapodilla hut thicker, their 
bulk exceeding that of the endosperm. 

^ U. S. Dept. Agr., Bur. Chem. 1904, Bui. 87, 29. 



STIH APPLE 


835 


MICROSCOPIC STRUCTURE, — The Pericarp, up to the gelatinous 
tissue about the locales, differs from that of the sapodffla chiefly in that 
(1) a well-formed epicarp with round to polygonal cells and scattered 
stomata is present and (2) stone cells are absent. 

•The gelatinous tissue about the locales consists of thin-walled some- 
what radiating elongated pulp cells with very finely granular contents. 

An endocarp of small characterless cells with colored contents lines 
the locules. 

Spermoderm.— As in sapodilla. 

Endosperm. — This is thinner than 
in the sapodilla and the thinner walls 
do not stain blue with iodine in potas- 
sium iodide. The contents are oil and 
formless protein matter. 

Embryo. — As in sapodilla. 

Chief Structural Chabagtees. — 

Fruit smooth; inner mesocarp gelati- 
nous; loeules ten or less, some without 
seeds. Seed up to 2 cm., flattened, 
brown, pendulous; spermoderm hard; 
cotyledons bulkier than endosperm. 

Epicarp not obliterated; mesocarp 
without stone cells, about locules thin- 
walled. Endosperm walls colorless with 
iodine in potassium iodide. Other characters much as in sapodilla. 

CHEMICAL COMPOSITION.-~Three analyses by Chace, Tolman, 
and Munson^ of the flesh of Cuban star apples, designated purple caimito 
and white caimito, and a single analysis by Thompson ^ of the flesh of 
Hawaiian fruit yielded as shown below: 



Fig. 207. — Star Apple. Fruit in 
cross section showing three seeds 
with cotyledons embedded in en- 
dosperm and five empty locales. 
Below: seed showing the light 
ventral edge. X%. (AL.W.) 


CoiitPOsirioNr of Star Appie Flesh 



Flesh 

in 

fruit 

Solids, 

total 

Solids, 

insol. 

Pro- 

tein 

Fat 

Acids 
as 1 
malic 

Sugars, 

reduc- 

ing 

Su- 

crose 

Fiber 

Ash, 

total 

Ash, 

alk.* 

Cuban: 

% 

% 

% 

% 


% 

% 

% 

% 

cn 

h 

cc. 

Purple I. . 

68 

15.96 

5.54 

0.91 


0.16 

6.67 

0.26 


0.44 

39 

Purple Ilf 

42 

14,23 


0.67 


0.07 

4.01 

3.90 


0.35 

33 

White. , . . 

67 

17.19 

5.42 

0.71 


0.68 

8.27 

1.2S 


0.51 

46 

Hawaiian.. . 

87 

11.47 

5.46 

2.34 

L.39 

0.17 

2.67 

1.73 

0.86 

0.39 



*Cc. ^/lO acid per 100 grams pslp. t'^eigit 20S grams. 


> U. S. Dept. Agr., Bur. Chem. 1904, Bui. 87. 
2 Hawaii Agr. Exp. Sta. Rep. 1914:, p. 62. 
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Mineral Constituents. — Chace ^ found 0.35 per cent of ash in Cuban 
star apple and the following amounts of mineral constituents in the 
ash: 


K 20 

CaO 

P 2 O 5 

SO 3 

Cl • 

% 

% 

% 

% 

% 

64.75 

1.31 

11.00 

5.50 

9.46 


SAJPOTE 

Lucuma mammosa Gaertn. = Calocat'pum mammosum Pierre 

Fr. Sapote. Sp. Zapote. It. Sapote. 

In Cuba this fruit is called mamey Colorado and in the Philippines 
chico-mamey . These and similar names cause some confusion, since 
the true mamey is Mammea amencam. The tree is indigenous to 
Central America, hut is cultiyated in Cuba and through- 
out the West Indies and also in the Philippines. 

PreserTes are made from the pulp, and the kernel 
of the large seed is roasted and used in chocolate . 

MACROSCOPIC STRUCTURE.— The white flowers 
have normally a ten-lobed calyx, a five-lohed tubular 
corolla, five stamens, and a five-celled ovary. The 
ovoid fruit reaches 15 cm. in length. On the surface 
it is rough, of a russet-brown color ; within, it is red 
or brown with numerous hair-like white chains of latex 
sacs. Only one seed (Fig. 298), which often exceeds 10 
cm. in length, commonly develops. On one side it is 
rounded, 'glossy, of a buff color; on the other more 
nearly flat, matt, and of a lighter color. The sper- 
moderni is a woody shell 1 to 2 nun. thick. Except- 
ing a membranous endosperm, th(‘ (mtire kernel con- 
sists of the huge cotyledons and the short radicle. 

MICROSCOPIC STRUCTURE.— The Pericarp and 
Spermoderm differ in strucluit' from those of sapodilla 
chic'fly in the thickness of thc' hiyers and minor points 
such as size of cells and color of contents. The lighter color of the hard 
spermoderm is due to lighter contents of the stone cells rather than 
lighter walls. 

^ U. >S. Dept. Agr., Bui. Chem. 1904, Bui. 87, 29. 



Fig. 2 9 8.— 
Sapoto. Whole 
s cod showing 
dull ventral 
side with U 
hiliiiii and lus- 
trous dorsal 
side with U 
chalaza, X 
(A.L.W.) 
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Eiidosp6rni. This is feebly developed, aleurone cells fornaiag only 
a single row with compressed cells beneath. 

Embryo. The enormous embryo, larger than the meat of any table 
nnt, is developed at the expense of endosperm. The ground tissue is 
characterless both as to cell form and contents. Starch and well- 
defined aleurone grains are absent. There are present, however, in 
the outer half of each cotyledon chains of latex mcs like those of the 
mesocarp. 

Chib? Structural Chabactebs.— F ruit larger than sapodilla. 
Seed only one, large; spermoderm hard, 2 mm., thick; endosperm thin; 
embryo very large. 

Pericarp and spermoderm with latex sacs and stone cells as in sapo- 
dilla. Endosperm with single row of aleurone cells. Embryo character- 
less except for latex sacs. 

CHEMICAXr COMPOSITION. — ^Three analyses by Chace, Tolman, 
and Munson ^ of the flesh of Cuban sapotes, designated mamey Colorado, 
and one analysis each by Pratt and Del Rosario ^ of the flesh of Philippine 
sapotes designated Chico mamey, yielded as shown in the following 
table : 


Composition op Sapotb Flesh 



Weight 

Flesh 

in 

fruit 

Solids, 

total 

Solids, 

insoL 

Pro- 

tein 

Acids 

as 

citric 

Sugars, 1 
reduc- 
ing 

Su- 

crose 

Ash, 

total 

Ash, 

alk.* 

Cuban : 

g- 

% 

% 

% 

% 

% 

% 

% 

% 

cc. 

Min.. . . 

668t 

65 

29.24 

6.55t 

1.09t 

0.10 

5.20 

0.29 

0.80 

56 

Max. . . 

932t 

86 

34.01 

6.55t 

1.09t 

0.14 

20.78 

16.85 

0.89 

64 

Aver. . . 

soot 

76 

30.99 

6.56t 

1.09 f 

0.13 

11.97 

9.03 

0.84 

60 

Pkilippine 

600 

70 

31.2 

9.7 

1.23 

0.18 

8.52 

8.00 

1.26 

119 


* Cc. iV/10 acid per lOO grams pulp, t 2 samples. J I sample. 


Adriano^ reports the following results on the flesh constituting SI 
per cent of the fruit: solids 15.45, protein 0.60, fat 0.14, fiber 0.81, 
nitrogen-free extract 13.47, and ash 0.43 per cent. 

Fatty Oil of Seed.— -Jamieson and MclOnney^ found in the seed 57 


^ U. S. Dept. Agr., Bur. Chem. 1904, Bui. 87. 

2 Philippine J. Sci. 1913, 8, 59. 

3 Philippine Agr. 1995, 14, 57. 

4 Oil Fat Ind. 1931,8, 265. 
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per cent of oil. A sample of the oil which had been stored for eight years 
at 2° C. was examined with the following results: 

Physical and Chemical Values . — Specific gravity at 25° C. 0.9105, 
refractive index at 25° C. 1.4652, saponification number 189.5, iodine 
number 70.2, Reichert-Meissl number 0.15, Polenske number 0.30, 
acetyl number 12.2, unsaturated acids 63.73 per cent, saturated acids 
30,37 per cent, and unsap onifiable matter 1.39 per cent. 

Composition . — As determined by Jamieson and McKinney the oil 
consisted of: 



% 

Glycerides of: 


Arachidic acid 

trace 

Stearic acid 

21.9 

Palmitic acid 

9.9 

Oleic acid 

53.4 

Linolic acid 

13,1 

Unsaponifiable matter 

1.4 


99.7 


Mineral Constituents. — Chace ^ found 0.80 and 0.89 per cent of 
ash in the flesh of 2 samples of Cuban sapote and the amounts of mineral 
constituents in the ash shown below: 


1 

K 2 O 

CaO 

MgO 


SO., 

Cl 

i 

1 

% 

% 

% 


% 

% 

I 

50,67 

1.38 

1 .36 

4.90 

3.54 

17.34 

II 

48,20 

1.73 

3.35 

9.66 

3.80 

16.00 


1 U. S. Dept. Agr,, Bur. Chem. 1904, Bui. 87, 



FRUITS OF THE EBOUY FAMILY 

(Ebenaceae) 

THElcaki or Japanese persimmon and the American persimmon, both 
species of Diospyms, are here considered. The wild persimmon of China 
is D. Lotus L. which, according to Me 7 er,i yields blackish fruit the size of 
a cherry much eaten by the natives and on which the kaki is grafted. 
Among the other species yielding edible fruits are the black sapote or 
guayahoid (D. Ebenaster Retz.) of Merico and the mabolo (D. discolor 
Willd.) of the Philippines and other parts of Malaysia. 

COMPARATIVE MACROSCOPIC STRUCTURE.— The families 
Ehenacex and Sapotaceae are closely related, both yielding drupaceous, 
several-loculed fruits. In the Ehenacess the spermoderm is leathery 
(not woody), and the endosperm of the species herewith considered is 
horny. 

COMPARATIVE MICROSCOPIC STRUCTURE.— Characteristic 
are the idnnin sacs and the homy endosperm with knotty-thickened walls. 

COMPARATIVE CHEMICAL COMPOSITION.— Fruits of this 
group are highly saccharine, the total sugars commonly exceeding 15 
per cent. The acidity is very low. Tannin whether active or inert is 
a characteristic constituent. 

KAKI OR JAPANESE PERSIMMON 

Diospyrus Kaki L. f. = i). chinensis Blame == D. Schitse Bunge. = 

D. Rozlmrghn Carr. 

Fr. Plaquemine. Ger. Kakifeige. 

This fruit may be termed the apple of Japan, although it is believed 
to have originated in China where Meyer ^ found many varieties in 
cultivation. From Japan, the kaki was introduced into France about 
one hundred years since and more recently into the southern states and 
California where, owing to the efforts of Thomas of the U. S. Depart- 
ment of Agriculture at "Washington and Hume of Florida, it bids fair 
to become of great commercial importance. 

In Japan, the ripening is hastened by packing the fruit in saki casks. 

^ U. S. Dept- Agr., Bur, Plant Ind. 1911, Bui- 204. 

^ Loc. cit. 
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Gore employs for the same purpose carbon dioxide which is allowed to 
act on the fruit in closed containers. Dried persimmons are prepared 
in China and Japan. As sold in the Chinese Quarters of New York, 
these are white on the surface owing to a film of sugar. 

Because of the resemblance of the endosperm, which constitutes the 
bulk of the seed, to that of the coffee bean, its possible value as a coffee 
substitute occurred to the writers. Such a substitute, prepared from 
seed kindly furnished by Mr. Thomas, the persimmon expert of the Bu- 
reau of Plant Industry, was found on roasting, grinding, and boiling with 
water to yield a pleasant-fiavored beverage. Naturally, with the present 
limited production, this observation is not of immediate importance. 

MACROSCOPIC STRUCTURE, — ^Although usually dioecious, the 
kaki may be polygamous or have perfect, staminate, and pistillate 

flowers on the same tree. Commonly the 
calyx and corolla are four-lobed and the 
ovary is four-loculed, each locule being 
divided by a false partition. On ripen- 
ing, the calyx lobes persist; excepting 
these, the reddish orange fruit (Fig. 299) 
resembles the tomato in size and variety 
of form. In some varieties the breadth 
exceeds the length, in others the reverse 
is true. In the latter case the apex may 
be much narrower than the base, with or 
without a point. 

Many common varieties, as stated by 
Hume, are seedless, in which case the fruit 
flesh is light colored (yellow-orange) and 
astringent until the pulp on ripening becomes soft and creamy. Other 
varieties have seeds, the flesh being either light colored and when hard 
astringent or dark orange-red and in all stages non-astringent. Some of 
the segments may be of one kind, others of the other. 

The light brown ^eeds (Fig. 299) are pendulous, flattened, blunt- 
pointed, the small embryo being embedded in the horny endosperm at 
the pointed end. 

MICROSCOPIC STRUCTURE.-Aso,^ Howard,^ and Lloyd have 
confined their attention largely to the tannin sacs and the surrounding 
tissues. Tichomirow/ Hanausek,''" and ref(U' to the tannin 

substance under the name of Inklusen (inclusions). 

1 Bot. Mag. Tokyo 1900, 14, 179. ^ Compt. rend. 1 OOt, 139, 305. 

2BuL Tor. Bot. Club 1906, 33, 567. deut. bot. Gen. 1914, 32, 117. 

3 Plant World 1911, 14, 1 . e z, Uaters. lebcnBEi. 1927, 53, 525. 



Pig. 299. — Kaki. Fruit with 
four-lobed calyx at base. Fruit 
flesh, spermoderm, homy endo- 
sperm, and minute embryo are 
shown in longitudinal section. 

(A.L.W.) 
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PeriGa,rp (Fig- 300). The fruit tissu6s may bG described as fonniiig 
five layers: (1) evicarp (epi) of cells with greatly thickened outer walls 
but no stomata; (2) hypoderm (hy) of small, thin-walled cells; (3) 
outer mesocarp (mcsO consisting of groups of thick-walled stone' cells 
(sO) separated by parenchjnxia, forming a narrow zone; (4) inrier 
mesocarp (rnes^), constituting the bulk of the fruit and consisting of 
large rounded parenchyma cells, those adjoining the endocarp radially 
elongated, among which are distributed more or less longitudinally 


S 


E 


C 


Fjcj, 300, — Kaki, Pericarp in longitudinal section, epi epicarp; hy hypoderm; 
outer mesocarp \v'itli st stone cells; 7n€s^ inner mesocarp with tan tmniii 
sac und p inner radiating parenchyma; end endocarp. X 160. (Iv-B.W.) 

Pig. 301. — Kaki. Seed in cross section. ^ spermoderni ; E outer and middle 
endosperm ; C cotyledon- X 160. (K-B.W.) 

elongated (often irregular) tannin sacs (tan) and delicate fibro-vascular 
bundles; and (5) endocarp (end), of a single row of cells, with walls even 
thicker thau those of the epicarp, which in surface view are seen to 
be transversely elongated and porous. 

The characteristic histological elements are the tannin sacs, or colls, 
with contents similar to those of the carob bean, the date, and the 
banana, although iu the last-named fruit the form and arrangement of 
the cells are quite different. These cells by reason of their longitudinal 
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elongation, as well as their contents, are readily distinguished from the 
surrounding parenchyma, even when the walls are indistinguishable in 
thickness. In certain varieties, however, which in all cases that have 
come under our observation are not astringent even when hard, the 
walls of the tannin sacs show marked thickening and distinct pores, 
although not sclerenchymatized since they stain blue with chlorzine 
iodine. On the other hand, it is true that in some varieties, which axe 
non-astringent while still hard, the cell walls are thin, which shows that 
the thickness of the wall is not the sole factor in determining astringency, 
if indeed this character is ever more than a coincidence in non-astringent 
fruits. 

Howard rightly observes that in the American persimmon the tannin 
sacs are smaller than in the Japanese persimmon. He also found that 
‘n specimens which came to him under the name of Chinese persimmons 
the sacs were smaller. In view of the lack of evidence of a definite 
specific difference between the Japanese and Chinese varieties, it is 
doubtful whether a distinction based on the size of the tannin sacs will 
hold. 

Howard further advances the theory that the tannin substance in 
early stages of development is distributed through the parenchyma in 
soluble form and in later stages collects in the tannin sacs and hardens. 
That the hardened substance is thus localized is easily demonstrated, 
but when the tannin is in solution and flows readily from out of cut 
or injured cells into the surrounding tissues it is indeed difficult to 
determine its location in the tissues when intact, as noted by Lloyd. 

Spermodeim (Fig. 301, S ). — The cell walls throughout are of a 
bright yellow-brown color and more or less distinctly beaded. The 
o%ter epiderm and underlying cells are longitudinally elongated. The 
radial walls of the outer epiderm, as seen in cross section, are short 
and the outer walls and cuticle are not greatly thickened, thus distin- 
guishing this species from the American persimmon. The inner epiderm 
has smaller cells than the outer epiderm, similar to the adjoining cells 
of the middle layer. 

Endosperm (Fig, 301, E ). — As in the coffee bean, date stone, and 
vegetable ivory the carbohydrate reserve material is largely in the cell 
walls which show strong, often knotty thickenings. This thickening 
is particularly marked in the inner portion where the cells are also 
radially elongated. 

Embryo . — Cotyledons (Fig. 301, C) and radicle are made up of small 
thin-walled cells with finely granular contents. 

Chief STEXJCTXJiiAL Characters.— F ruit larger than American per- 
simmon, calyx foiir-lobed; fruit flesh light (orange and astringent when 
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immature) and locales with or without seeds or else fruit flesh dark (red- 
orange and non-astringent when immature) and one or more seeds always 
present. Seeds flattened, pointed, with horny endosperm and minute 
straight embryo. 

Outer mesocarp with stone cell groups; inner mesocarp containing 
tannin sacs with thin or thick porous walls. Outer epiderm of sper- 
moderm with short radial walls and moderately thickened outer wall 
and cuticle. Endosperm with reserye material in knotty thickened walls. 
Embryo characterless. 

CHEMICAL COMPOSmOlT.— The analyses in the table below 
are of the fruit flesh (edible portion) of the fruit. Five of the analyses 
were reported by McBryde,^ 5 by Jaffa ^ and 7, before storage, by 
Bigelow, Gore, and Howard ^ and also Gore.^ McBryde's fruits weighed 
103 to 194 grams and all were seedless hut one which contained 1.7 
per cent of seed. Jaffa’s samples contained 18.8 to 30.7 per cent of 
seed. Bigelow, Gore, and Howard report the weight and percentage 
of seeds in two of their samples as being 137.7 and 86.1 grams and 1.0 
and 2.9 per cent respectively. 


Composition of Kaki Flesh 



Solids 

Marcl 

Pro- 

tein 

Fat , 

ext. 

Acids* 

Sugars, 

redne- 

Tan- 

nin 

Fiber Ash 







ing 



McBryde : 









Miii 

23.74 


0.42 

22.69 

0.10 

15.67 


0.45 

Max 

29.83 


1 .10 

27.58 

0.16 

17.83 


1.15 

Aver 

26.67 


0.73 

26.20 

0.13 

16.68 


0.74 

Jaffa: 









Min 

18.07 


1 .16 

0.31 


12.81 


0.93 0.61 

Max 

22.96 


1.61 

0.85 


19.39 


2.93 0.72 

Aver 

B. G. and H. 

19.79 


1.36 

0.57 


16.13 


2.08 0.68 

Min 

18.52 

3. 45 

0.40 


0.14t 

14.62 

0.13 

0.39 

Max 

25.06 

5.29 

0.73 


0.15t 

17.75 

1.54 

0.49 

Aver 

21.54 

3.99 

0.67 


0.141 

16.61 

0.77 

0.45 


* As malic, t Also Gore. 1 2 samples. 


^ Tennessee Agr. Exp- Sta. 1898, 11, 220. 

^ XJ- S. Dept. Agr., Off. Exp. Sta. 1903, Bnl. 132. 
3 J. Am. CLem. Soc. 1906, 28, 688. 

^ TJ. S. Dept. Agr., Bur. Chem. 1911, Bui. 141. 
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One variety each of non-astringent and astringent kahis gave the 
following results in the hands of Komatsu and Ueda; ^ 



Water 

Protein 

Fat 

N-f. ext. 

Fiber** 

Ash 

Non -astringent . 

82.03 

0.61 

0.02 

13.62 

3.29 

0,43 

Astringent 

93.65 

0.58 

0.02 

12.56 

2.76 

0.43 


* Includes seeds. 


Both varieties, whether ripe or green, and regardless of the season, 
contained dextrose, levulose, sucrose, tannin (kakishibu), pectin, and 
polysaccharides. 

Persimmons grown on the border of the Black Sea, analyzed by 
Zaretskii,^ contained: solids 20.3, protein 3.13, invert sugar 15.8, 
dextrose 3.57, levulose 9.23, acidity 0.1, pentosans 0.67, pectins 0.59, 
cellulose 0.51, tannin 0.25, and ash 0.46 per cent. 

Changes in Composition during Growth, Ripening, and Storage.— 
Two varieties of kaki, which Bigelow, Gore, and Howard ^ found to 
contain 0.68 and 0.34 per cent of tannin when picked on October 26, 
after storage 25 and 14 days respectively, contained only traces. During 
storage the solids and reducing sugars increased in about the same 
proportion as a result of drying. In one case the acid increased, in the 
other decreased, during storage. 

Gerber^ advanced the theory, based on his results, that, the tannin 
of the kaki, as well as of other astringent fruits, is destroyed b)y oxidation 
with the formation of carbon dioxide. 

Lloyd ^ held that the tannin combines with a carricn* independent 
of protoplasmic activity. The evidence obtainial indicat('s that the 
cell walls contain pectocellulose which dig(^sis during ripening. 

Contino® found that the pulp and skin of kakis whf'ii mature! con- 
tained Respectively 0.493 and 0.346 per cent of tannin soluble in water 
but when mellow only 0.200 and 0.034 per ccuit. Th(‘ wider-insoluhlo 
residue of both pulp and skin contained ahoui 0.03 pcT c('iit of tannin 
both before and after mellowing. Sinc(^ fruit c;()at(‘(l wit h ])araf]in 
contained no tannin aftcT storage* for a month, ha corieludiMl iliat tlii! 

1 J. Biochem. Japan 1922, 1, 181. 

^ VHcsoyuziiui Inst. IbLstenievod.stv.a 1934, p. 9; Che-m. Ab.s. 11)34, 28, 02.11 . 

^ Loc. cit. 

^ Ann. soi. nat. 1896, (8], 4, 1 . 

U'lant World 1911, 14, 1. 

iz. sper. agr. ital. 1912, 46, 460. 
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change was dae to internal conditions and not oxidation. In the 
paraffined fruit, however, the j[)eeim reached 0.53 per cent, but in 
the uncoated fruit only 0.20 per cent, this gain in the author's opinion 
being at the expense of tannin, 

Tokngawa ^ attributes the loss of astringency on storage to the hard- 
ening of the gelatmo'us tannin substance so that it is not soluble in 
saliva. Kumagai and Tazaki ^ also hold that the tannin becomes insoluble 
and does not decompose during storage or processing. On long boiling 
most of the insoluble tannin dissolves. Reducing mgars but no sucrose 
are present, none of which combines with the tannin. The loss of 
astringency is accompanied by a slight loss of sugar. 

On the other hand Komatsu and Ueda ^ observed in the astringent 
fruit during ripening an increase in reducing sugars at the expense of 
sucrose or pectin and of 'pentosans but a decrease in hexosans and soluble 
tannin, the latter without forming insoluble compounds with pectin or 
other substances. The brown color of pectin and cellulose prepared from 
the mature fruit is helieved to be due to tannin. During the curing 
of astringent fruit and the ripening of non-astringent fruit soluble tannin 
disappears and reducing sugar decreases with an increase in Imthse 
in the dextrose-levulose ratio. Komatsu and Ishimasa,^ however, hold 
that it is essential to have reducing sugar sufficient to overcome the dis- 
agreeable taste due to acids and tannin. An increase of nitrogenous 
sulstances was noted in astringent fruit but a decrease in non-astringent. 

Komatsu and Ishimasa ^ isolated sucrose from kaki pulp. 

Bottini ® returned to the enzymic theory of Gerber, explaining the 
disappearance of tannin as being due to combustion through the agency 
of oxidizing enzymes. The fact that practically no tannin remained 
after storage at both room temperature (17 to 18° C.) and near freezing 
(1 to 2° C.), but that the red color did not form at the low temperatures, 
led to the conclusion that the pigment is not formed from tannin but 
by a condensing diastase. In fruit ripened at room temperature, the 
reducing sugar increased from 8,85 to 10.25 per cent and the pectin to 
1.2 per cent, whereas at 1 to 2° C. the reducing sugar increased to 9.80 
per cent, and the pectin was 0.27 per cent. 

Astringent varieties were shown by Davis and Church ^ to increase 


1 Bot- Mag. T5ky6, 1019, 33, 1. 

2 J. Sci. Agr. Soc. Jiipan 1922, 236, 347. 

3 J. Biocbem. Japan 1923, 2, 201, 309. 
nbid. 1924, 3,261. 

Mem. Col. Sci. Kyoto Imp. TJniv. 1924, 7, 165. 
® Aim. chim. applicata 1927, 17, 415. 

U. Agr. Res. 1931,42, 165. 
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more in solids, total sugars, and color than the non-astringent, but the 
latter were richer in sugars, soluble solids, and moisture and contained 
slightly less acid. In cases where the changes proceed slowly on the 
tree, most of these, excepting astringency, continue during storage at 
ordinary temperatures. Ethylene in low concentration hastens ripening 
and the decrease in astringency. 

Respiration. — Gore,^ operating with 2 varieties of hakis, noted a 
maximum evolution of 44 mg. of carbon dioxide per kilo per hour at 
35. 6^^ C. and a minimum of 2 mg. at 2.8° C. 

Carbohydrates. — See also preceding sections. 

As determined by Leoncini,^ reducing sugars reached a maximum 
of 59.6 per cent calculated to the dry pulp. A soluble carbohydrate 
believed to be mannan, yielding reducing sugar on hydrolysis with 
acid at 68 to 72° C., was found in large amount in the fruit of seedless 
varieties, in smaller amount in varieties with perfect seeds. Loew and 
Ishii^ and Ishii^ had previously isolated mannan from the seed. 

Tannin. — See also Changes in Composition during Growth, 
Ripening, and Storage. 

Clark, ^ on hydrolysis of the tannin bodies by weak acid or alkali, 
obtained tannin, phloroglucinol, and insoluble colloidal matter, appar- 
ently a cellulose, but no hexose or pentose. 

Griebel ^ found that the contents of the tannin cells yield on hydroly- 
sis with potassium hydroxide, gallic acid, phloroglucinol, and pyro- 
catechoL 

Phosphorus-Organic Compounds. Phytin . — In the flesh of D. 
discolor Eagaoisan'^ found 3.26 per cent, dry basis. 

Colors. — Leoncini^ states that the color of ripe Japanese persimmons 
is due to the condensation and oxidation of tannin suhstancfNs. The 
colorless juice of unripe fruit becomes rod in ten U) tw(dv(^ days even 
after heating at 100° C. for IQ minutes. 

1 U. S. Dept, kgr.j Bur. Chem. 1911, Bui. 142. 

2 Boll. ist. super, agr. Piaa, 1930, 6, 525. 

3 Landw. Yera.-Stat. 1895, 45, 535. 

* Bui. Tokyo Imp. Univ. 1894/7, 2, 101. 

® Biofihem. Bui. 1913/4, 2, 412. ./ 

®Lac. cit. 

7 Philippine Agr. 1932, 21, 53. 

^ Boll. ist. super, agr. PLsa 1932, 8, 030. 
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AMERICAN PERSIMMON 

Dicspyrus virginiana L. 

Fr. Persimon. It. Persimmone. Ger. Yirgmische Dattelpflaume. 

The Tange of this species is wider than that of the oriental persimmon, 
wild trees growing as far north as, but not fruiting in, southern New 
England. Owing to the astringeney when hard the fruit is not eaten 
until it becomes exceedingly soft, some varieties even then remaining 
inedible. 

MACROSCOPIC STRUCTIJRE. — The fruit is practically the same 
as that of the kaki, except that it is smaller, up to about 3.5 cm. long; 
the seeds, however, are fully as large as or even larger than those of 
the kaki. 

MICROSCOPIC STRUCTURE.—Compared with the kaki, the stone 
cells of the outer mesocarp are less strongly developed, the tannin sacs 



Fig. 302. — American Persimmon. Outer epiderni of spernioderm and 
two siibepidermal cells in. cross section. X 160. (K3.W.) 


of the inner mesocarp, as noted by Howard,' are smaller, and, as appears 
in Fig- 302, the outer epidermal cells of the spermoderm have much 
longer radial walls and thicker outer walls and cuticle. 

Chief Strxjcturax Cha.ractees. — As noted above. 

CHEMICAL COMPOSITION. — The summary of analyses of the 
fruit flesh given in the table below represents 1 analysis by Parsons, “ 
6 by Huston and Barrett,'' 3 by McBryde,"^ and 3 by Bigelow, Gore, 
and Howard,^ each for a different tree. So far as determined, the fruit 
weighed 5.9 to 20.5 grams and contained 9 to 21 per cent of seeds. 
Analyses made at earlier and later dates showed in general a progressive 
decrease in acids and tannin and increase in reducing sugars. 

iPul. Tor. Bot. Club 1906, 33, 567. 

2 Am. Chem. J. 1888, 10, 488. 

^ ladiana Agr. Exp. Sta. 1896, Bui. €0, 51 . 

^ Tennessee Ag;r. Exp. Sta. 1898, 11, 220. 

® J. Am. Chem. Soc . 1906, 28, 688. 



m 


FRUITS 


Composition of American Peesimmon Flesh 



Solids 

Marc 

Pro- 

tein 

Pro- 

tein 

- 

Acids] Sugars, 
as reduc- 

ran-|„. , 

nin 

Ash 





pure 


malic 1 

mg 










% 



Parsons . 

33.88 


0.83 


0.70 29.71 

0.00 

13.54*1 1,78 

0.86 

H. and B. : 

1 









Min . . . . 

28.92 


0.62 

0.48 

0.16 25.64 




0.63 

Max. . . . 

48.21 


1.21 

0.98 

0.42 43.88 




1.04 

Aver. . . 
McBryde: 

35.84 



0.76 

0.32 31.70 




0.78 

Min 

33.22 


0.48 


31.32 

0.15 

18.72 


0.84 

Max. . . . 

42.76 


0.64 


41.34 

0.26 

23.50 


1.28 

Aver. . . 
B. et al. : 

39.58 


0.57 


37.88 

0.19 

21.90 


1.13 

Oct. 13 

27.26 

5.45 

1.08 



0.49 

16. 31 

2.14t 

0.77 

Sept. 13 

29.61 

6.48 

0.84 



0.37 

18.05 

1.98t| 

0.65 

Oct. 4 

23.62 

4.38 

0.46 



0.33 

14.07 

2.471 

0.62 


* Sucrose 1.03% . f After storage 5 to 8 days, trace. 


Mineral Constituents. — Analyses by Troop and Hadley ^ of the ash. 
of the pulp and of the seed, recalculated in the former case free of 
15.94 per cent of carbon dioxide and 4.32 per cent of water and in the 
latter case free of 2.52 per cent of water, follow : 





CaO 

MgO 




P 2 O 5 

BO, 


Cl 

Pulp. 

67.13 

2.95 

5.05 

2.79 

0.66 

0. 

08 

9.12 

8.59 

1.80 

0.38 

Seed. 

38.60 

0.84 

6.93 

7.13 

1 .22 

0. 

10 

13.71 

10.80 


0.11 


^ Indiana Agr. Exp. Sta. 1890, Bui. 60, p. 43. 



FRUITS OF THE DOGBANE FAMILY 

{A'pocynaceae) 

Sevebal spocies of CuTissc, Yalua-ble also as tkorny hedge plants, 
yield edible fruits of which the amatungnla, described below, is of im- 
portance in South Africa. 

COMlPARATIVI/ macroscopic structure. — F ruit plum- 
like, with milky juice. 

COMPARATIVE MICROSCOPIC STRUCTURE.— The outstand- 
ing features are the branching latex tubes of the edible pulp and the 
outer epidermal cells of the spermoderm extended as remarkable reticu- 
lated, hair-like papillae. 


AMATUFGULA 

Carissa grandifiora DC. — Arduina grandzjlora E. Mey. 

Like the kei apple, several species of Carissa are thorny shrubs 
valuable for hedges and for the edible fruits. The amatungula, or 
ISTatal plum, is a native of the coastal region of South Africa where 
the fruit of wild shrubs and hedges is a favorite both with aborigines 
and Europeans during the rainy season. It is eaten raw and made into 
jams and jellies, but the sticky juice on hands and utensils is annoying, 
necessitating removal with lemon juice. The flavor on cooking is said 
to resemble that of the cranberry. 

Fruit for study from Durban, Natal, and details as to its use were 
kindly furnished through the courtesy of Mrs. Fred Bunker and Mrs. 
A. E. LeRoy. 

Other species of Carissa, yielding edible fruits smaller than the 
amatungula, are C. lispinosa Desk {C. Arduina Lam.), a native of 
South Africa, C. Carandas L., a native of India, and C. edulis YahL, a 
native of tropical Africa. Several of the species have been introduced 
into California, Florida, and Hawaii. 

MACROSCOPIC STRUCTURE. — The flowers have a five-lobed 
calyx, a tubular corolla with five spreading lobes (10 cm.), five stamens, 
and a two-celled superior ovary. The fruit is red, plum-like, varies 
up to 5 cm. in length, and has a pink milky fruit flesh with thread- 
like latex tubes evident to the naked eye. Each of the two lociiles 

849 



850 


PETJITS 


contains one or more flattened-oval, margined seeds up to 7 mm, long, 
with a bulky endosperm and small straight central embryo. 

MICROSCOPIC STRUCTURE. Pericarp.— This consists of (I) 
e'piccrp of polygonal cells, with rather thick walls and finely granular 
contents, and stomata; (2) hypoderm of cells like the mesocarp but 
with deeper red contents ; (3) Tmsocarp of typical rounded pulp cells 
with reddish contents and numerous, especially in the inner part, large 
branching latex tubes; and (4) endccarp of thin-walled cells and large 
stomata. 

The latex tubes are the conspicuous elements, 

Spermodenn (Fig. 303). — On the body of the seed only one layer, 



Figs, 303. — A.matimgula. Seed in cross section through edge. Sporiiioderm: aep 
outer epidei'in, p ijarenchyma, collapsed except over the edge of .S(} 0 ( 1 . Endo- 
sporni with aZaleurone cells. X 160. (K.B.W.) 

the outer epiderm (aep), shows cell structure, but at the edges one or 
more rows of characterless, thin-walled cells (p) also are evident. The 
yellow-brown epiderm is remarkable for the greatly thickened porous 
radial walls and the extension of the cells into thinner-walled reticulated 
papillsc. The total length of cell proper and papilla reaches 300 p or 
more, but on the sides of the seed the cell proper is very low and the 
papilla correspondingly long while on the edge of the seed the cell proper 
makes up more than one-half the total. The inner walls also show 
large pores. 

Endosperm (Fig. 303). — The cells are typical aleurone cells (al) with 
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aleurone grains up to 12 ju, each with niinaerous small but distinct 
globoids. 

Embryo. — The small cells of the thin cotyledons contain fat and 
small aleurone grains. 

Chief STEUcTUHAn Charactees. — Fruit plum-like; locules two. 
Seeds several, ftattened, oval, margined; endosperm bulky; embryo 
small. 

Pericarp with numerous latex tubes. Epidermal cells of spermoderm 
with thickened porous walls, extended as reticulated papiUse. Endo- 
sperm with aleurone grains up to 12 fi containing numerous globoids. 

CHEMICAL COMPOSITION . — A single analysis by Thompson^ 
of a sample grown in Hawaii is given below : 


Composition of AMATnisramA Pi^esh: (Thompson) 


Flesh 

in 

fruit 

Solids, 

total 

SoHds, 

iasol. 

Protein 

Tat 

Acids 

as 

malic* 

Sugars, 

reduc- 

ing 

Sucrose 

Fiber 

Ash 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

78 

21.55 

4.29 ‘ 

0.56 

1.03 

1.71 

12.00 

0.00 

0.92 

0.44 


In the absence of data the acid is tentatively calculated as malic. 


1 Hawaii Agr. Exp. Sta. Rep. 1914, p. 62. 



FRUITS OF THE MADDER FAMILY 

(Rubidcese) 

To THIS family belong coffee and the bed straws (Galium). Tlie 
genipap is the most important succulent fruit. 

GEHIPAP 

Genipa americana. L, 

This fruit is a native of the West Indies and neighboring regions 
of South America. In Puerto Rico it is known s^sjagua. Another name 
is marmalade-box. When picked the fruit is hard but softens on keeping 

MACROSCOPIC STRUCTURE.—The fiomr (2 to 3 cm.) has a 
bell-shaped calyx, a salver-shaped, pale yellow corolla, and a pne-celled 
ovary. Characteristics of the fmit are its more or less elongated (up 
to 10 cm. or more) form, russet surface, firm rind (1 cm.), and soft pulp 
tissue of the two placenta in which the numerous seeds are embedded. 

The anatropous seeds are about 1 cm. long, 6 mm. wide, and 2 to 3 
mm. thick. Within the thin spermoderm is the bulky endosperm in the 
center of which is embedded the flattened embryo with broad, ovate 
cotyledons about equaling the radicle, suggesting the embryo of coffee. 

MICROSCOPIC STRTJCTIJRE. Pericarp. — The rind consists of (1) 
epicarp of isodiametric, somewhat wavy-walled cells which in the russet 
spots have thickened porous walls and brown contents; (2) hypodem 
of rounded or flattened cells containing cblorophyl grains; (3) stone 
cells, isodiamet-ric or somewhat elongated, with thick walls forming with 
the separating parenchyma a well-marked zone; (4j rnesacarp of rounded 
cells, containing occasional crystal rosettes, through which run the 
fibro-vasciilar bundles; and (5) endocarp of tangentially elongated, 
colorless stone colls with liiimm often reduced to a nu^ro line. 

The placental tissue consists of thin-walled, iniicli-elongated paren- 
chyma colls and niiincrous special cells containing large crystal rosettes. 

Spermoderm. — The outer epiderni consists of large, longitudinally 
elongated cells which in surface view appear to have uniformly thick 
walls. Cross sections show i.hat the thickening is due to a bead-like 
swelling in the middle of the radial wall. The walls stain yellow with 
iodine in potassium iodide. A second layer with more than one swelling 
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on the radial walls is present in parts. The remainder of the sper- 
moderm is com'pressed 'parenchyma. 

Endosperm. — The walls are somewhat thickened and stain bine 
with iodine in potassium iodide. They do not show the knotty appear- 
ance characteristic of the corresponding cells of the coffee bean. The 
contents are small aleurone grains and fat, also occasional small starch 
grains. 

Embryo. — The thin cotyledons are made up of thin-walled paren- 
chyma and pro cambium bundles. 

Chief Structtjrai/ CHARiLCTERS.— Fruit 10 cm. long; rind 1 cm. 
thick, firm; placental pulp bulky. Seeds numerous, flattened. 

Epicarp in russet spots with thickened headed walls; stone cell 
zone between hypoderm and mesocarp ; mesocaip and placental cells 
with large crystal rosettes; endocarp of stone cells. Outer epidermal 
cells of spermoderm longitudinally elongated ■with radial walls thickened 
in the middle. Endosperm rather thick-walled containing chiedy 
aleurone grains and fat. 



FRUITS OF THE HONEYSUCKLE FAMILY 

{Caprijoliacese) 

Sevekal species of Sambucus yield fruit used for cooking and wine 
making. 

ELDERBERRY 

Bamhutus spp. 

Fr. Graine de sureau. Sp. Sambuco. It. Sambnco. 

Ger. Hohnderbeere. 

The structure of the common purple-black berried American elder-^ 
berry (S. canadensis L.) is here described. Chemical data are on the 
xed-berried American species S. pubens Michx. {S. racemosa var. 
'piibescens Dipp.) and the black-berried European species S. nigra L. 

MACROSCOPIC STRUCTURE. — The flowers are white, terminal, 
in cymes; each drupelet, about 7 ram. in diameter, has usually three 
stones with distinct endosperm and embryo. 

MICROSCOPIC STRUCTURE, Pericarp.— The layers are (1) 
epicarp of isodiametric, thiek-w^alled, beaded cells with striated cuticle; 
(2) mesocarp of rounded pulp cells and delicate bundles; (3) single layer 
of small isodiametric, thin-walled cells] (4) radially elongated stone 
cells; and (5) crossing sclerenchyma /iberi*, the last three forming the 
endocarp. 

Spermoderm.— A narrow, nearly structureless rnenil)rano. 

Endosperm and Embryo. — Small aleurone grains and fat globules 
evident. 

CHEMICAL COMPOSinOU.-No analysis of common elder- 
berry is at hand, but Hotter^ reports thi following range in the pulp 
of three Austrian samples of black elderberry; 


Composition of Black ELDEiiiiEKitv (IIottkr) 



Holids, 

Ho lit Is, 

Ex- .Acids ns 

Suj^ars, I)(‘x- 

Levu- 

Tan- 

Ash, 


total 

insol. 

tract iniilio 

total* troiHc 

lose 

Ilia 

totalf 

Min .. . 

% 

18.1 

' % 
8.2 

% % 

](),3 0.!) 

% % 

4,7 2. .5 

% 

2.1 

Oj 

/o 

0,29 

% 

0.53 

Max . . 

20.9 

9.2 

12.1 l.,3 

S.S ;}.0 

2.9 

0,22 

O.VD 


* As in-vert, f Phosphorio acid 0.1 2 to O.J4%. 

^Z. landw. yer.sueh.sw. 1906, 9,747. 
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Fatty Oil of Seed. Physical and Chemical Values . — The following 
are by 2ellner ^ on oil from the seed of /S. razemosa and by Byers and 
Hopkins^ on that from /S. racemosa arborescens respectively: specific 
gravity at 15° C. 0.9171, 0.9072; refractive index at 20° C. 1.472, . . . . ; 
melting point 0° C.; saponification nunfber 196.8, 209.3; iodine 
number 89.5, 81.44; and Reichert-Meis$l number 1.8, 1.54. 

Constituents.— Csiloulsitioiis of Byers and Hopkins show: yalmitin 
22, oleiu 67.9, linolem 5.7, and caprin, caproin, and caprylin 3 per cent. 
Zellner found a small amount of a/rachidin. 

Colors. — From the juice of the European elderberry Karrer and 
Widmer ^ obtained sambucm, a cyanidin rhamnoglu coside. Nolan and 
Casey ^ from the same source isolated two crystalline pigments-, chrys-- 
anthemin (cyanidin monoglucoside) and sambucicyanin, the latter 
apparently a bimolecular compound of chrysanthemin and a pentose 
glucoside of cyanine. 

^ Moaatsh. 1902, 23, 937. 

2 1. Am. Chem. Soc. 1902, 24, 771. 

* Helv. Chim. Acta 1927, 10, 67. 

* Proc. Roy. Irish Aca.d. 1928, 38, 93; 1931, 40, B, 56. 
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A 

Abacate, 534 

Ahelmoschus esculenim, 398 
Aberiaj 782 
caffra, 782 
Gardneri, 782 
Abricot, 644 

de Saint Domingue, 779 
Abridor, 656 
Acajou, 735 

Acanthosicyos horrida, 429 
Acedera, 208 
Acelga, 47, 217 
Acetaldehyde, 16, 593 
Acetate, amyl, 16 
Acetic acid, 2 
Acetone, 16 
Acetosa, 208 
Achicoria, 273 
Achras Sapota^ 831 
Acid, acetic, 2 
amino, 1 
aminosuccinic, 1 
a-a in in 0 succinic, 1 
ascorbic, 20 
ascorbinic, 20 
asparaginic, 1 
aspartic, 1 
benzoic, 2 

cranberry, 827 
foxberry, 827 
citric, 2 
glutamic, 1 
hydrocyanic, 87 
lactarinic, 42 
malic, 2 
oxalic, 2 
pectic, 3 
salicylic, 2 
succinic, 2 
tartaric, 2 
Acids, 2; see a 
and 

amino, 1, 27 
Acom, 137 

Adenine, ebayote, 475 
cucumber, 450 


Adenine, pumpkin, 437 
tawny lily, 279 
Adlerfarn, 178 
Adrenal glands, 20 
Adzuki, 293, 296, 298, 299, m 
composition, 375 
proteins, 376 
amino acids, 376 
IST-distribntion, 377 
ultimate composition, 376 
structure, 374 

chief characters, 375 
Adznkia subtrilobata, 376 
jEthum Cynapium, 257 
Affou, 137 
Agaridne^j 30, 39 
Agaricm, 29, 30, 39, 43 
campestiris, 29, 39, 42, 43 
delidosus, 42 
Aglio, 198 
Agretto, 228 
Ahiiacate, 534 
Ai-kwa, 420 
Ail ordinaire, 198 
Airelle rouge, 828 
Aizoacese, 223 
Ajo, 198 

Albaricoque, 644 
Albedo, citrous, 696 
lemon, 709 
Albicocca, 644 
Albumin, adzuki, 376 
Lima bean, 364 
miing bean, 371 
Alcachofa, 284 
AleuTitcs mohiccana, 725 
Aleiirone grains, 297 
Alfalfa, 293,^295, 296, 299 
Algarroba, 671 
Allsryiacesc, 120 
Alkaloids, barberry, 522 
blue lupine, 311 
pea family, 29S 
potato, 165 
tomato, 412 
-white lupine, 301 
yellow lupine, 306 


ho individual vegetables 
fruits. 
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Allantoine, 55 
Alligator pear, 534 
Allium, 186 
ascalonicum, 195 
bakeri, 197 
Cepa, 194 
bulb ellif era, 194 
multiplicand, 194 
fistulosum, 194 
casspitosum, 194 
ledefourianum, 197 
Porrum, 291 
sativum^ 198 
SchomopraBum, 192 
Schorodoprasum, 197, 198, 199 
Alloxanthine, 55 
Allspice, 803 

Allyl-propyl disulphide, 201 
Allyl sulphide, 16,28, 200 
Almond, 635, 636 
Alocasia, 130 
Alsike clover, 299 
Althaea officinalis, 398 
Althea, 771 
Al\^erja, 319 
Amarant, 221 
Ainarantacese, 219, 221 
Amarant e, 221 

Amaranth family, leaves, 221 
stems, 221 
Amaranto, 221 
Amarantus, 221 
gangelicm, 221, 222 
oleraceus, 222 
retro jlextLS, 221, 222 
Amatungula, 849 
composition, 851 
structure, 849 
chief characters, 851 
Ambarella, 728, 733 
composition, 734 
structure, 733 
chief characters, 734 
Ambrosia, 427 
American elderberry, 854 
gooseberry, 652 
composition, 553 
structure, 552 
chief characters, 553 
grape, 746 
acids, 754 
carbohydrates, 754 
colors, 755 
composition, 749 
influ ence of season, 751 
juice, 749 


American grape, composition, ripening 
changes, 751 
fatty oil of seed, 752 

composition, 753 
values, 752 

mineral constituents, 757 
odorous constituents, 755 
pectins, 755 
structure, 746 
chief characters, 748 
persimmon, 839, 347 
composition, 847 
mineral constituents, 848 
structure, 847 
plums, 643 
strawberry, 608 
acids, 615 
composition, 612 
cultivated, 614 
juice, 614 
wild, 614 

fatty oil of seed, 615 
mineral constituents, 615 
respiration, 614 
structure, 609 
chief characters, 612 
Ainerikanische Knollwicke, 89 
Amherdieae , 293 
Amides, asparagus, 190 
beet, 55 
Aminita, 39, 40 
Caesarea, 29 
ruhescens, 41 
spissG, 41 

Amino acids (free), 1, 27 
beet, 54 
cabbage, 236 
chayote, 475 
cucumber, 450 
Japanese potato, 145, 146 
mushroom, 38, 41 
potato, 164 
pumpkin, 437 
tawny lily, 279 
watermelon, 461 
Arninosuccinic acid, 1, 27 
a-Aminosuccinic acid, 1 
Avimic’ip, 88 

Amorphopholhs liivieri, 130 
Konjac, 130 

Amygdalin, 559, 581, 607 
Amygdalus persica, 649 
Amyl acetate, 16 
esters, 16 
Ariacardiacew, 728 
Anacardhim ocoidentale, 735 
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Anacardo, 735 
Anana, 487 
Ananas, 487 
Ananas sativus, 487 
Ananaserdbeere, 608 
Ananassa saliva, 487 
Ananasso, 487 
Anethum, 88 

Angelica, 88, 249, 251, 479 
structure, 251 
chief characters, 251 
Angelica, 251 
Angelica, 88 
Archangelica, 251 
officinalis, 251 
Angelic cdB, 88 
Angelika, 251 
Angelique, 251 
Anise, 88 

Annona, 523, 529, 673 
Cheriraola, 531 
impressa, 531 
Isevis, 531 
mamillata, 531 
tvbercvXata, 531 
umhonata, 531 
diver si jolia, 530 
muricata, 526 
jpmv'urea, 530 
retic'ulata, 531 
squamosa, 532 
Annonaceae, 523 
Annulus, 39 
Anona, 532 
blanca, 532 
Anone, 531 
Anthocyanidins, 14 
Anthocyanins, 4, 14 
beet, 58 
cabbage, 237 
cherry, 15 
China bean, 381 
elderberry, 855 
foxberry, 15 
grape, 15, 755, 767 
mulberry, 515 
plum, 15 
pomegranate, 802 
radish, 64 
raspberry, 15 
whortleberry, 15 
Anthranilate, methyl, 16, 755 
Anthriscus, 88 
Cerefolmm, 250 
Antidesma Bunins, 725 
Apfel, 559 


Apfelforniige Granadille, 785 
Apfelsine, 684 
Apio, 252 
Apio nabo, 101 
Apios, 293 
fortnnei, 80 
tuberose, 80 
Apium, 88 
graveolens, 252 
rapaceum, 101 
Petroselmun, 257 
Apocynaceae, 849 

Apple, 2, 3, 4, 16, 479, 557, 558, 669 
acids, 579 
amygdalin, 581 
balsam, see Balsam apple 
butter, 560 
carbohydrates, 580 
cashew, see Cashew apple 
colors, 581 
composition, 565 
dried, 570 
flour, 570 

growth changes, 570 
influence of climate, 572 
of irrigation, 573 
juice, 567 
mare, 569 

relation of size, 572 
ripening changes, 570 
seeds, 509 

storage changes, 673 
crab, see Crab apple 
enzsymes, 582 
fatty oil of seed, 578 
glassy, 577 
hairy, 559 
kei, see Kei apple 
Malay, 807 

mineral constituents, 5C3 
mountain, 809 
odorous constituents, 581 
Otaheite, 733, 807 
pectins, 562, 575, 580 
quince, 594 
respiration, 577 
rose, see Hose apple 
star, see Star apiple 
structure, 560 
chief characters, 565 
sugar, 532 
water-core, 577 
■ wax-coating, 578 
wi, 734 
wild, 559, 560 
Apricot, 2, 635, 636, 644 



860 

Apricot, acids, 647 
black, 644 
colors, 648 
compositioa, 645 
dried, 647 
juice, 646 
enzymes, 648 
mineral constituents, 648 
structure, 644 
chief characters, 645 
Aprikose, 644 
Apulio, 125 
Araceas, 130 
Arachin, 298 
Arachis, 293 
Aralia cor data, 248 
edulis, 248 
Araliacesi, 248 
Arancio dolce, 684 
amaro, 700 
Arandano, 82S 
Arctium Lajppa, 112, 116 
Arctosiaphylos uva-ursi, 579 
Arduina grandifiora, 849 
Arginine, cabbage, 236 
chayote, 475 
cucumber, 450 
Japanese potato, 146 
mushroom, 41 
potato, 164 
pumpkin, 437 
tawny lily, 279 
Armeniaca vulgaris, 644 
Artnoracia riaticaua, 72 
Aroids, 133 
Arrowhead, 120 
carbohydrates, 122 
composition, 121 
mineral constituents, 122 
nitrites, 121 
structure, 120 

chief characters, 121 
Articluiut, 284 
Artichoko, 277, 284 
com position, 285 
inulin, 285 

Jenisakuii, sra; Jenisuhan arliclioki' 
mineral const. itiuuits, 286 
sinietiire, 284 

(•]ii(>f (iiaract.ers, 285 
Artisclioko, 284 
Art ocarpus vonirnnw,^, 518 
vririsa, 518 
iiitvgra, 515 
ini (‘(jrijolia, 515 
Aruiii,' 130, 136 


INDEX 

Arum, composition, 136 
structure, 136 
Arum colocasie, 131 
Arum family, conns, 130 
composition, 131 
structure, 130 
petioles, 130 
composition, 131 
stmcture, 130 
shoots, 130 

composition, 131 
structure, 130 
Arum esculeniiim, 131 
italicum, 136 
matnilatuvij 136 
Asci, 31, 33 
Asclepias, 187 
Ascomy cates, 30 
Ascorbic acid, 20 
cabbage, 20 
lemon, 20 
medlar, 602 
orange, 20 
paprika, 20 
red pei)por‘, 20 
strawberry ioiiiato, 424 
Ascorbinic acid, 20 
Ash, 28 
nioimtain, 692 
Asindna, 523 
triloha, 523, 524, 787 
Asiinino, 524 

Asiiaragine, 1,55, 190,708 
f/-Asparagin(', 1 
l-Asparaginc', 1 
Aspamijdicu', 1<S6 
Aspjiragiiuc; acid, I 
Asparagos{', 190 
Asparaj?us, 176, IHG, 187 
ainifle.s, 190 
earbohydratfas, 190 
(*()m position, 189 

iiiflu(‘ii(‘(‘ (d ff-rtilizers, 190 
fat.iy oil, 190 
niiiieral eoiislitm-iit s, 100 
I)rot.<in.s, 190 
struoiun!, 187 

child chariict ers, 1K9 
Asjxii’fujHs ISO, 1K7 

Aspartic acid, 1 
AspiM’gc, 1S7 
Asjx'ffjillus niijer, 201 
Asp-ye-kan, 256 
Asf rngalvs, 293 
Astragalus coffee, 293 
Aug(*rhin(?, 417 
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Carambola, 678 
hilittibii 678, 681 
Ayocado, 2, 479, 534 
carbohydrates, 640 
composition, 537 
growth changes, 537 
seeds, 537 

storage changes, 537 
mineral constituents, 541 
oil, 540 

phosphorus-organic compounds, 541 
ph^tin, 541 
proteins, 539 
amino acids, 539 
N-distribntioa, 539 
ultimate composition, 539 
structure, 534 
chief characters, 537 
tannin, 541 
Avocat, 534 
Arogado, 534 
Aziifaifa, 741 

B 

Dacca di bianco spino, 603 
Bak-choi, 244 
Eak-cboi-chai, 244 
Bak-cboi-sum, 244 
Baked-apple berry, 633 
Balimba, 681 
Balimbing, 678 
Balsam apple, 429 
pear, 429, 431, 465 
colors, 467 
composition, 466 
fatty oil of seed, 467 
mineral constituents, 467 
phosphorus-organic compounds 
467 

phytin, 467 
structure, 465 

(trief characters, 466 
Bamboo shoots, 180 
acids, 183 
carbohydrates, 183 
composition, 181 

infliionce of development, 182 
of parts, 182 

mineral constituents, 183 
nitrogenous constituents, 182 
structure, 180 

chief characters, 181 
Bamhoii, 180 
Bambu, 180 
Bambus, 180 


Bamhma, 181 
Bambusesa, 180 
Banana, 16, 479, 494 
chips, 495 
colors, 503 
composition, 499 
ripening changes, 501 
dried, 502 
en 2 ymes, 503 
family, fruits, 494 
figs, 495, 499 
meal, 494, 495, 497, 499 
mineral constituents, 504 
ordorous constituents, 503 
phosphorus-organic compounds, 503 
phytin, 503 
plantain, 494 
products, 499 
red, 494 
starch, 495, 499 
structure, 495 
chief characters, 499 
wild, 494 
Banane, 494 
Banano, 494 
Barbadine, 784 
Barbe de eapucin, 265, 273 
Barhero, 521 
Barberry, 2, 521 
alkaloids, 522 
composition, 522 
family, fruits, 52L 
structure, 521 
chief characters, 522 
Bark, cascarilla, 84 
Basidia, 40, 44 
BasidioMycetes, 30 
Batata, 102 
Bated as ^dulisj 102 
Bataten, 139 
Batavian endive, 271 
Batoko plum, 782 
Bay leaf, 634 
Bay-Kapples, 633 
Bean, black-eyed, 378 
long, 381 

broad, see Broad bean 
Burman, 365 
carob, see Carob 
castor, 725 

China, see China bean 
civet, 365 

common, see Common bean 
Dutch case-knife, see Dutch case 
knife bean 
Egyptian, 381 
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Bean, horse, 314 
hyacinth, see Hyacinth bean 
Jack, see Jack bean 
Ja'va, 365 

Lima, see Lima bean 
moth, see Moth bean 
muag, see Mung bean 
Rangoon, 363, 365 
rice, see Rice bean 
shell, see Common bean 
Sie'^a, see Sieva bean 
snap, see Common bean 
soy, see Soy bean 
sprouts, 369, 370, 371, 373 
composition, 371 
string, see Common bean 
tree seed, 293, 295, 296, 297, 299 
Windsor, 314 
yam, see Yam bean 
Be-chi, 126 
Bed straws, 852 
Beef-steak fungus, 36 
Beet, 1, 3, 27, 45, 46, 176, 210 
foliage, 47 
greens, 47, 217 
acids, 219 
carbohydrates, 219 
colors, 219 
composition, 218 
mineral constituents, 219 
nitrogenous bases, 219 
betaine, 219 
structiiie, 217 
chief characters, 218 
root, 47 
acids, 56 
amino, 54 
amides, 55 
amino acids, 54 
carbohydrates, 57 
choline bases, 55 
colors, 58 
composition, 51 
influence of culture, 54 
of fertilizers, 54 
of heredity, 53 
of locality, 53 
of season, 53 
of storage, 54 
parts, 53 
fat, 56 
sterols, 56 
formaldehyde, 58 
mineral eonsiifucTits, 58 
riitrat('s, 55 
jN[-distrihiitif)n, 54 


Beet root, pectins, 57 
l)horphyrin, 65 

phosphorus-organic cmiupounds, 58 
lecithin, 58 
phytin, 58 
proteins, 54 
purines, 55 
structure, 47 
chief characters, 51 
sugar, 3, 47 
Belembe, 135 
Belleville dock, 208 
Bengal gram, 340 
Benincasa, 429 
cerijera, 470 
hispida, 431, 470 
Benzoic acid, 2 
cranberry, 827 
foxberry, 827 
Berheridacese, 521 
Berberine, 522 
Berberis, 521 
Berheris, 522 
daminii, 522 
Thunbergli, 521 
vulgaris, 521 
Berberisboere, 521 
Berergena, 417 
Berro, 245 
Beta Cicla, 220 
muritima, 58 
vulgaris, 58, 210 
Ciela, 220 
crasm, 47, 217 
Betaine, 1 
beet, 55, 219 
cabbage, 236 
chiede ])ca, 344 
lime, 712 
mushroom, 41 
pigwefal, 222 
Bfitanidin, 58 
Betaiiin, 58 
Bf;tt,(!rave, 47, 217 
Biasorig, 719 
Bi(!t()la, 47, 217 
Bigardr;, 700 
Bignay, 84, 726 
ceinposif.ion, 726 
stru(;turn, 725 
chief characters, 726 
Biliiiibi, 2, 479, 678, f>8(), 68L 
composition, 681 
si riictiir(‘, 6K1 
Biliiribin, 678 
les, 678 
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Bird’s foot clover, 293, 297, 299 
Birne, 585 

Bitter orange, 683, 685, 689, 690, 700 
structure, 700 
chief characters, 700 
Black caps, sec Black raspberry 
currant, 549 
acids, 551 
carbohydrates, 551 
composition, 551 
respiration, 551 
structure, 550 
chief characters, 551 
mulberry, 512 
neck fig, 510 
nightshade, 424 
composition, 425 
structure, 424 

raspberry, 618, 623, 624, 625, 626 
composition, 626 
mineral constituents, 626 
respiration, 626 
salsify, 112, 115 
Black-eyed bean, 378 
long bean, 381 
structure, 381 

Blackberry, 2, 617, 618, 626 
acids, 629 
American, 626 
composition, 628 
juice, 629 
European, 626 
fatty oil of seed, 629 
mineral constituents, 630 
respiration, 629 
running, 626, 630 
structure, 627 
chief characters, 628 
Blanchette, 263 
Blaslophaga groswrurrh, 507 
Bliitterkohl, 231, 233 
Blaue Lupine, 310 
Blimbing, 681 
Blood, 5 
orange, 682, 690 

Blue lupine, 293, 299, 304, 309, 310 
alkaloids, 311 
composition, 311 
mineral constituents, 311 
proteins, 311 
structure, 310 
chief characters, 310 
taaier, 131 

Blueberry, 2, 814, 818 
acids, 821, 
color, 15, 821 


Blueberry, composition, 819 
juice, 820 
seeds, 821 

fatty oil of seed, 821 
mineral constituents, 822 
structure, SI 8 
chief characters, 819 
swamp, 818 
Blumenkohl, 280 
Boboa, 721 
Bohne, 347 
Boletm, 30, 37, 39 
cyanescensj 38 
edulis, 36, 37, 38, 39 
Bomhacacess, 773 
Bombaoi Ceiba, 773 
Bombax family, fruits, 773 
Bombay myrobolan, 727 
Borage, 262 
family, leaves, 262 
stems, 262 
structure, 262 
Boragimcess, 252 
Boragine, 262 
Borago officinalis, 262 
Borraja, 262 
Borretsch, 262 
Bourrache, 262 
Bovist, 43 
Brake, 178, 187 
composition, 179 
meal, 179 

mineral constituents, 179 
structure, 178 
chief characters, 179 
Bramble berries, 557, 617 
composition, 618 
structure, 617 
Bran, 19 
Brasdcaj 60 

cainpestm, Napo-Brassica, 65 
chirimm, 65, 242, 244 
japonica, 241, 242 
jiLucea, 245 

Napus Napobrassica, 65 
oleracea, 243 
accphahy 231, 233 
hotrytis, 280 
capitate, 233 
Caule-Bapa, 229 
gemmijera, 240 
Napo-Brasdea, 65 
pe-itsai, 242 
ramosa, 245 
Rapa, rapijem, 71 
Breadfruit, 506, 518 



864 


INDEX 


Breadfruit, composition, 519 
phosphorus-organic compounds, 520 
phytin, 520 
structure, 518 
chief characters, 519 
Breiapfel, 831 
Breton, 231 

Bretonnes de Bruselas, 240 
Broad bean, 293, 294, 299, 314 
composition, 316 
enzymes, 318 
fat, 318 

mineral constituents, 319 
phosphorus-organic compounds, 
318 

lecithides, 318 
lecithin, 318 
phosphatides, 318 
phytin, 318 
proteins, 317 
structure, 315 
chief characters, 316 
Broccoli, 277, 280, 282 
acids, 283 
composition, 282 
mineral constituents, 283 
structure, 282 
Brodfrucht, 518 
Brombeere, 626 
Bromelia Ananas, 487 
3 TO me liac cm, 487 
Brunnenkresse, 245 
Brussels sprouts, 227, 240 
composition, 240 
fat, 240 

mineral constituents, 240 
sirueiui*e, 240 
chief (haraeter's, 240 
Biustbeerc, 741 
Biickheny, 814 
Biickihorn family, fruits, 741 
Ihickwheat, 203 
fiimily, leaves, 203 
Bulbs of lily family, 18G 
Biillace plum, 637 
Bullock’s hfuirt, 529, 631 
coiuyiosition, 532 
sifiH'iurc, 532 
(;hi(‘f (ihariictnrs, 532 
Biin-loiig-woo, 131 
ihinlock, 116 

,s'f’c CJi'cai burdock 
Bn nun n Ix-an, 365 

cynnog( cnet.ic ghicosides, 3f)f> 

Biitlur fat, 17, 21 


C 

Cabbage, 20, 227, 233 
carbohydrates, 237, 242 
celery, 242 

Chinese, see Chinese cabbage 
colors, 237 
composition, 235 
storage changes, 236 
enzymes, 238 
fat, 236 

composition, 236 
values, 236 
leaf-mustard, 245 
mineral constituents, 238 
mustard, 244 
nitrogenous bases, 236 
palm, 184 
palmetto, 184 

phosphorus-organic compounds, 237 
phytin, 237 
proteins, 236 
red, 234 
Savoy, 234 
structure, 233 
chief characters, 234 
swamp, 260 
white, 244 
Cabu, 233 
Cachiman, 531 
Cactacese, 791 
Cacti, cane, 791 
Cactus family, fruits, 791 
composition, 791 
structure, 791 

CiPmlpmiacc.a’, 293, 294, 297 
Caiinito, puipih', 835 
white, 835 
Cainite, 834 
Cainito, 834 
( lajii -manga, 733 
Caliihaza, 432 
Caladium, 131 
Calciferol, 22 
Calla lily, 130 

dalucarpum rnammoKinn, 836 
iUilvatia, 30 
Cfamisan, 719 
Ckimoto, 105 
( ■ampnnula, 111 
Uapnincuh.s, 111 
Canii)armlac(‘ir , 46 , 111 
( '(urt]>yloispermin, 88 
C’jinada crookncck squash, 445 
pea, 325 

(Utnavalia, 293, 38C 
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Canavalia en&iformis, 386 
ghdiataj, 386 
obtusijolia, 3S6 
Cancong, 261 
Candlenut, 84, 725 
Cane cacti, 791 
Cantaloupe, see Muskmelon 
Cantharelhs ciharius, 43 
Cape gooseberry, 422, 423, 424 
Capers, 277 

Capisclie Stachelbeere, 422 
Caprifig, 507 
Ca'prifoliaeese, 854 
Capsaicin, 403 
Capsanthin, 12, 422 
Capsicum., 403, 421 
Cd'psicv/m (X'wnziuvZf 12, 417, 421 
Carambola, 2, 479, 678 
composition, 680 
structure, 678 

chief characters, 679 
Carambole, 678 
Caraway, 88 

Carbohydrate, cell 'wall, 27 
Carbohydrates, 3; see also individual 
vegetables and fruits. 
Carciofo, 284 
Cardenala, 111 
Carde-poiree, 220 
Cardo, 275 
Cardon, 275 
Cardon d’espagne, 115 
Cardoon, 265, 275, 284 
composition, 27G 
structure, 276 
Carica Papaya, 787 
Caricace^e^ 787 
Carissa, 849 
Arduinaj 849 
bispincsa, 849 
Carandas, 849 
edtilis, 849 
(jmndijlora, 849 

Carob, 287, 293, 294, 296, 299, 479, 666 

671 

carbohydrates, 675 
composition, 674 
cnzyines, 676 
niincral constituents, 676 
structure, 671 

chief characters, 674 
Carombola, 678 
Carota, 93 
Carotene, 8 
apricot, 648 
banana, 503 


Jarotene, beet leaf, 219 
cabbage, 237 
carrot, 95, 99 
mandarin, 702 
mango, 732 
peppers, 422 
pineapple, 493 
spinach, 215 
tomato, 415 
Winter squash, 445 
Carotenoids, 4, 5, 8 
orange, 697 
Jarotte, 93 
laroube, 671 

Carrot, 9, 10, 27, 45, 46, 88, 93 
carbohydrates, 98 
pentosans, 99 
colors, 99 
carotene, 99 
composition, 96 
development changes, 97 
losses on boiling, 98 
of varieties, 97 
mineral constituents, 99 
nitrogenous bases, 98 
pectins, 99 

phosphorus-organic compounds, 99 
phytin, 99 
proteins, 98 
structure, 94 
chief characters, 96 
Cariuba, 671 
Carum, 88 
Caruncle, 294 
Caryophyllus Jamhas, S07 
Cascarilla barb, 84 
Case-knife bean, Dutch, 361 
Cashew apple, 479, 728, 735 
composition, 736 
structure, 735 
chief characters, 736 
family, fruits, 728 
composition, 728 
structure, 728 
nut, 728 

Casimiroa edulis, 719 
Cassaba mellon, see Muskmelon 
Cassabanana, 429, 431, 464 
structure, 464 

chief characters, 465 
Cassava, 84 
acid, hydrocyanic, 87 
bitter, 84 
bread, 86 
composition, 85 
hydrocyanic acid, 87 
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Cassava, meal, 86 
mineral constituents, 87 
phosphorus-organic compounds, 87 
phytin, 87 
protein, 86 
root, 86 
starch, 84 
structure, 84 
chief characters, 85 
sweet, 84 
Cassave, 84 
Cassia, 534 
buds, 277, 534 
coffee, 293 
Cassia j 293 
Cassiese, 293 

Cassurium pomijemm, 735 
Castanospermumj 293 
Castor bean, 725 
oil, 84 

Catsup, tomato, 410 
Cauliflower, 277, 280 
carbohydrates, 281 
composition, 281 
mineral constituents, 282 
structure, 280 

chief characters, 281 
Cavolo a gennoglio, 240 
capuccio, 233 
comune, 233 
fiore, 280 
palmista, 184 
riccio, 231 

Cayenne pepper, 408 
Cebolla, 194 
Cebollino, 192 
Cece, 340 
Cedrat, 713 
Cedrato, 713 
Celeri, 252 
Celeriac, 88, 101 
composition, 101 
structure, 101 

chief characters, 101 
C61ei'i-rave, 101 
Celery, 88, 249, 252 
cabbage, 242 
carbohydrates, 255 
('oiiipositioE, 254 
minora] c'onstitiionis, 255 
N-(iistribution, 254 
structure, 252 

chic^f (*barM(*ters, 253 
tiimip-rootod, see Turnip-rooted 
celery 

volatile oil, 254 


Cenelle, 603 
Cerasus avium, 657 
vulgaris, 662 
Ceraionia, 293 
siliqua, 671 
Cereal germ, 19, 22 
Cereals, 21 
Cereus, 791, 798 
triangularis, 798 
Cereza, 657 
Cerezas, 769 
Cerfeuil, 250 
Cerfoglio, 250 
Cetriuolo, 446 
Ceylon gooseberry, 782 
Chabo-endo, 340 
Ghana, 340 
Chard, 47, 210, 22D 
colors, 220 
composition, 220 
mineral constituents, 220 
structure, 220 
Swiss, 220 
C hay Ota edulis, 473 
Chayote, 429, 432, 473 
composition, 475 
nitrogenous bases, 475 
structure, 473 
chief characters, 474 
Chee-hoo, 120 
Cheese, 19 
Chenata, 340 

Cheyiopodimeso, 46, 47, 176, 210, 219 
Cherimoya, 529, 631 
composition, 531 
structure, 531 

chief characters, 531 
Cherimoyer, 531 
Cherry, 2, 15, 635, 636 
color, 15 

cornel, sec Cornel cherry 
marasebino, 658 
pi urn, 637 
sour, 662 

Surinam, 803, 807, 809 
sweet, see Sweet cherry 
Winter, 422, 424 
Chervil, 88, 249, 250 
structure, 250 

chief fharac'ters, 251 
Chestnut, water, see Water chestnut 
Chick pea, 293, 295, 299, 340 
acids, 344 
composition, 342 
fat, 344 
sterol, 344 
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Chick pea, mineral constituents, 345 
nitrogenous bases, 344 
phosphorus-organic compounds, 
344 

phytin, 344 
proteins, 343 
amino acids, 343 
N-distribution, 343, 344 
structure, 341 
chief characters, 342 
Chickasaw Lima, 386 
Chickling vetch, 293, 299, 346 
composition, 346 
structure, 345 
chief characters, 345 
Chico-mamey, 836, 837 
Chicoree, 273 
crepue, 271 
Chicorie, 273 
Chicory, 174, 265, 273 
composition, 273 
root, 112 
structure, 273 
chief characters, 273 
wild, 273 
Ch'ieh-tzu, 420 
China, 684 

bean, 293, 298, 299, 378 
colors, 381 
composition, 379 
mineral constituents, 381 
phosphorus-organic compounds, 
381 

phytin, 381 
proteins, 379 
amino acids, 380 
ultimate composition, 380 
structure, 378 

chief characters, 379 
China-Bohne, 378 
Chinese cabbage, 227, 242 
composition, 243 
mineral constituents, 244 
proteins, 244 
structure, 242 

chief characters, 243 
jujube, 741 

composition, 743 
mineral constituents, 743 
structure, 741 
chief characters, 743 
lily, 177, 191 
composition, 192 
structure, 192 
chief characters, 192 
mustard, 246 


Chinese cabbage, mustard, composi- 
tion, 245 
structure, 245 
preserring melon, 470 
sand pear, 585 
spinach, 221 
watermelon, 470 
yam, 137 
Chinini, 534 
Ghirivia, 89 
Chives, 186, 192 
composition, 193 
mineral constituents, 194 
structure, 193 
chief characters, 193 
Chlorophyl, 2, 4, 5 , 28, 503 
Chlorophyllins, 6 
Choiromyces meandrijormis, 33 
Choke-sun, 180 
Cholesterol, 21 
Choline, beet, 55 
cabbage, 236 
carrot, 98 
chayote, 475 
chick pea, 344 
Japanese potato, 146 
mushroom, 41 
tawny lily, 279 
Chou coba, 233 
de Bruxelles, 240 
fieur, 280 
pomme, 233 
rave, 229 
vert, 230 
Chou-navet, 65 
Choux palmistes, 184 
Chromatophores, 60, 66, 94 
Chrysanthemin, elderberry, 855 
mulberry, 515 
Chrysin, 14 

ChrysobaldTieEf 557, 635 
Chrysobalanus, 635 
Icaco, 663 

Chryscphyllum Cainito, 834 
Chufa, 118, 123, 126 
composition, 127 
enzymes, 129 
fatty oil, 128 

composition, 128 
phytosterol, 129 
structure, 126 

chief characters, 127 
volatile oil, 128 
Cibollina, 192 
Cicely, sweet, 250 
Cicer, 293 
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Cicer arietinum, 340 
alhum, 344 
juscuMj 344 
Cicercula alata, 345 
Cichoriacese, 112, 115,265 
Cichorium divaricatuTiij 271 
Endivia, 265, 271 
crispa, 272 
pallida, 272 
Int^hus, 112, 265, 273 
pumiliLin, 271 
Cicoria, 273 
Cider, pear, 585 
vinegar, 560 
Cidra, 713 
Ciliegia, 657 
Cianamoa, 534 
vine, 137 
Cipolla, 194 
Cirihiielas, 734 
Ciruela, 637, 734 
Citric acid, 2 
Citron, 703, 713 
composition, 713 
melon, 458, 713 
Citrous albedo, 606 
fruits, 2, 682 
composition, 684 
miscellaneous, 719 
structure, 682 
Citriilline, 461 
Citrullus, 429 
vulgaris, 431, 458, 713 
Ciirm, 682, 718 
aumntifolia, 710 
Auranimm, 684, 685, 700 
aniara, 700 
Bigaradia, 700 
grandis, 714 
sinensis, 684 
bcr(/a7nia, 706 
dccwmma, 714 
cjmndis, 714 
f'njstrix, torosa, 719 
jnponica, 718 
lir/iette, 710 
Jji mania, 703 
Limonium, 703 
7nar{;(irila, 718 
Medina, 713 
Liimm, 703 
-fiidcroreirpa, 713 
'ndcrantha, 719 
■nohilis, 700 
dcliciejsn, 702 
poonensis, 698 


Citrus pseudolimonum, 719 
sirieTim, 684, 692 
vulgaris, 700 
Wehberi, montana, 719 
Civet bean, 365 
Civette, 192 
Cladodes, 187 
ClavGria, 30 
hO[trytis^ 35 
flava, 35 
Clavariex, 30, 35 
Cloudberry, 617, 618, 633 
structure, 633 
chief characters, 634 
Clove, 803 
Clover, 296 
alsike, 299 
bird^s foot, 293 
crimson, 299 
Japan, 293 
red, 299 
Clovers, 293 
Cloves, 277 

Clytocybe Tntdlic.cps, 41 
Cobweb tissues, 60 
Cochlearia irmomom, 72 
Cocoa plum, 663 
Cocomero, 458 
Cod liver oil, 19 
Coclospermae, 88 
Coffee, 852 
astragalus, 293 
cassia, 293, 294, 295, 296, 299 
Coing, 594 
Col rcpcllo, 233 
Coliflor, 280 
Collaixls, 227, 233 
coiiipositinri, 233 
structure, 233 
Colocasia, 130, 131 
auHquorwri, 130, 131 
esculentuin , 130, 131 
(blor tests, vitamins, 10 
Colors, 4 ; sec aha im]ivi<lual vega- 
tables and fruits 
anthocyaniiis, 4, 14 
carotenoids, 4, 8 
chlorophyls, 4, 5 
flavins, 4, 22 
fiavones, 4, 14 
flavonols, 4, 14 
lyochromes, 4, 22 
Comestible, souchot, 126 
Common Ix-aii, 293, 297, 298, 299, 347 
acids, 355 
carbohydrates, 355 
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Common bean, composition, 362 
enzymes, 356 
fat, m 

mineral constituents, 356 
proteins, 353 
amino acids, 353 
N-distribution, 354 
ultimate composition, 353 
structure, 347 
chief characters, 351 
mushrooms, 35 
salsify, 112 

Compositas, 46, 112, 171, 174, 176, 265, 
284 

Composite family, flowers, 284 
leaves, 265 
composition, 265 
structure, 265 
roots, 112 
composition, 112 
structure, 112 
tubers, 171 
roots, 3 

Compounds, phosphorus-organic, 4 
Conavalin, jack bean, 390, 391 
Concanavalin, jack bean, 298, 390, 391 
Concombre, 446 
Condol, 471 
Conglutin, 298 
blue lupine, 311 
yellow lupine, 304 
Congo yam, 137 
Conopkallus Konjac, ISO 
Conphaseolin, 353 
Constituents, mineral, 16 
minor, 16 

Co'iivol'viilaccxi, 46, 102 , 260 
Convolvulus Baloiias^ 102 
Copaiva, 671 
Copmim^ 30 
comaius, 41 
radiatiis, 42 
Coragio de boi, 531 
Coral mushrooms, 30, 35 
composition, 35 
structure, 35 
Coriander, 88 
C oriandrese, 88 
C oriandr'um, 88 
Conn vegetables, 118 
structure, 118 
Conns, 118 
of arum family, 130 
of sedge family, 123 
Com, field, 288 
flower, 15 


Corn, green, 288 
salad, 263 
composition, 254 
Italian, 263 
structure, 263 
chief characters, 264 
sweet, see Sweet com 
Cornaceae, 813 
Cornejo, 813 
Cornel cherry, 813 
composition, 813 
structure, 813 
Comes de diable, 426 
Comiolo, 813 
Comouille, 813 
Comm fiorida, 813 
813 

Corossol, 526 
Cos lettuce, 266 
Cosettes, 54 

Costa Rican guava, 803 
Cotton, 771 
Covimaroum, 293 
■ Conrge musquee, 445 
Cow pea, see China bean 
Cowberry, 828 
Coyo, 534 
Crab apple, 585 
structure, 585 
Cranberry, 2, 814, 822 
acids, 2, 827 
benzoic, 827 
composition, 825 
ripening changes, 826 
storage changes, 826 
glucosides, 827 
vacciniin, 827 
mineral constituents, S2S 
mountain, 828 
structure, 822 

chief characters, 824 
Craniolaria annua, 426 
Cratsegus, 603 
Bibos, 604 
coccinea, 603 
Creole scorzonera, 426 
Crescione di fontana, 245 
Cress, water, see Water cress 
Cresson alenois, 228 
de fontaine, 245 
Crimson clover, 299 
Crookneck squash, 431, 439 
Canada, 445 
structure, 440 
chief characters, 441 
Winter, 441, 445 
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Crosne du Japan, 145 
Croton oil; 84 

Crudferse, 46, 60, 176, 227, 280 
Cruikshank’s lupine, 304 
Cryptctsenia, 88 
Canadensis, japonica, 256 
Cn-cai-mo, 140 
Ca-cam, 140 
Cuckoopint, 136 
Cu-cot-gian, 140 
Cucumber, 429, 431, 432, 446 
composition, 449 
enzymes, 450 
fatty oil of seed, 450 
composition, 450 
values, 450 
melon, 451 

mineral constituents, 451 
nitrogenous bases, 450 
phohsphorus-organic compounds, 450 
phytin, 450 
structure, 446 
chief characters, 448 
Cucumis, 429 
Melo, 431, 451 
acidulus, 451 
agrestis, 451 
cantalupensis, 451 
Chito, 451 
Diodaim, 451 
erythraeus, 451 
flexuosus, 451 
inodorus, 451 
reticnlatus, 451 
scccharinus, 451 
sativns, 431, 446 
Cxicurbita> 429 
maxima, 431, 441 
moschalo., 431, 441, 445 
Pcpo, 431, 432, 439, 440, 441 
CAmdensa, 439 
Mclopepo, 431, 439 
vcTnicosn, 431, 439 
( bicnrbi/urcm, 429, 787 
CucAtrhif B, 429, 430, 432 
(bleu rbit axantdiin, 445 
Cucuibit('no, 445 
(bi<‘inhital, 463 
(hi-inai, 140 
(bin: in, 88 
( ^11 ff, iiicAJf!, 88 
iUiin 'nmrn, 88 
( bi-o-i'onp;, 140 
(birh'd (lock, 208 
kale, 231 
Scotch, 231 


Curled kale, Siberian, 231 
Currant, 542 
black see Black currant 
red, see Red currant 
white, 543 
Xanti, 758 

Currants, composition, 761 
Curuba, 464 
Cushaw, 445 
Cush-cush, 137 
Cushion, hilum, 294 
Custard-apple, 523, 524, 532 
family, fruits, 523 
composition, 524 
structure, 523 
Cyanidin, 15 
chloride, 15 
Cyanoooccus, 818 
Cydonia lusitanica, 594 
maliformis, 594 
oblong a, 594 
lusitanica, 594 
maliformis, 594 
pyriformis, 594 
vulgaris, 594 

Cynara Car dun cuius, 265, 275 
Hcolymus, 284 
Cynarem, 265 
Cynaroidese, 112 
Cyperacese, 123 
Cyperenc, 128 
Cyperol, 128 

Cyperus esculcntus, 123, 126 
phymatodes , 126 
roiundus, 128 
Cystidia, 40 

D 

Dahlia, 174 
Daikon, 63 
Daiina-gik, 145 
Dalbcrgiem, 293, 297 
Damson plum, 637 
Diindolion, 174, 265, 274 
(tomposiiion, 275 
inirKMTil consf itufmls, 275 
r<)(jt, 1 12 
sl.ructurc, 274 

chief diarjH'l ers, 274 
Diiiigh ‘berry, S14 
Dashecn, 130, 131, 13.3, 131 
I>al(*, 479, 481 
(•arl)<)hy<lraf (“H, 485 
conipositiou, 485 
mineral constituents, 486 
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Dtite, sorbitol, 486 
stones, 485 
structure, 482 

chief characters, 485 
Datil, 481 
Datiles, 769 
composition, 770 
structure, 769 

chief characters, 770 
Datte, 481 
Eattel, 481 

Pattelpflaiime, virginische, 847 
Dattero, 481 
Daucineae, 88 
Daucus, 88 
carota, 93 
Deglet noor, 482 
Delphinidin chloride, 15 
Dent-de-lion, 274 
Dente di leone, 274 
Deuteroproteose, 329 
De’wberry, 617, 618, 626, 630 
California, 639 
structure, 630 
Diente de leon, 274 
Dihydro cyperene, 128 
Dihydrocyperol, 128 ^ 
Dihydroxyphenylalanine, 397 

Dill, 88 

Dioscorea, 137, 139 
acvlata, 140 
data, 137 
'pur^urea, 140 
Batatas, 137, 139, 140, 141 
cay ends, 137 
cirrhosa, 140 
esculenia, 137, 140 
japoniaa, 137, 139 
laiijolia, 137 
oppositi folia, 140 
purpurea, 140 
■folundiiolia, 137 
trifid a, 137 
Dioiicorcacesr, 137 
Dio score as, 139 
Diospynis, 839 
chinensis, 839 
discolor, 839, 846 
Eh master, 839 
Kaki, 839 
Lotus, 839 
Jiozbi/fuhii, 839 


EcJiitse, 839 
vinjiniana, 847 

Disc- only cetes, 30, 31 ■ 

Dish-cloth gourd, 429 , 431, 467 


Dish-cloth gourd, composition, 469 
fatty oil of seed, 469 
mineral constituents, 470 
phosphorus-organic compounds, 


470 


phytin, 470 
structure, 468 
chief characters, 469 
Dock, Belleville, 208 
curled, 208 
sorrel, 208 
spinach, 208 

Dogbane family, fruits, 849 
structure, 849 

Dogwood family, fruits, 813 
Dolcetta, 263 
Dolic d’Egypte, 381 
DoUchos, 82, 293, 378 
hifiorus, 385 
cultratus, 381 
Lahlah, 381 
mela'fiophthalin'us, 381 
moncchalis, 381 
mul^iflorus, 392 
pwrpurens, 381 
sesquipedalis, 369 
smenm, 378 
Dolichosin, 384 
amino acids, 385 
N-distrihution, 385 
Doryalis, see Dovyalis 
Dourian, 773 
Dovyalis, 782 
ca^ra, 782 
hehecarpa, 782 
rkamnoides, 782 
rotuTidijolia, 782 
verrucosa, 782 
Drachenauge, 739 
Drupes, 557, 636 
composition, 636 
structure, 635 
Duhat, 810 
Duku, 721 
Dung-kwa, 470 
Durian, 773 
composition, 774 
structure, 773 
(^hief characters, 774 


nrio, 773 
zibet hinus, 773 

utch case-knife bean, 293, 298, 299. 


structure, 361 

chief characters, 361 
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E 

Ebenaeese, 839 
Eberesclie, 602, 603 
Ebony family, fruits, 839 
composition, 839 
structure, 839 

Echinocactm Wislizeni, 797 
Eddo, nut, 135 
Eddos, 139 

Edible-podded pea, 295, 299, 339 
composition, 340 
mineral constituents, 340 
structure, 339 
chief characters, 340 
Egg, 17, 19, 21, 22 
plant, 403, 404, 417 
composition, 419 
mineral constituents, 421 
phosphorus-organic compounds, 421 
phytin, 421 
structure, 417 
chief characters, 419 
white, 28 
yolk, 12, 22, 23 
Egyptian bean, 381 
lotus, 142 
onion, 194 
taro, 131 
Eierkartofifcl, 417 
PJlsoocarjiaccsc, 769 
Elmocarpus family, fruits, 709 
Elderberry, 854 
Aiiieiican, 854 
colors, 855 
composition, 854 
European, S54 
fatty oil of seccl, (855 

constitii cuts, 855 
values, S55 
stnicturo, 854 
Elecampane, 174 
EJlcorJiai'if: (lulch, 124, 125 
pJnnUujinc.d, 125, 12(5 
iuherom, 123, 125 
Ekipliimtenrilssel, 420 
Elephant’s ear, 131 
Einblic, 84, 725, 726 
sLiaickure, 727 
c'lii(d <4iara(;l.<;rs, 727 
ojflrhinliK, 72(5 
Endive, 2(55, 271 
I )i'()a(l-l(nivo(l Jiaf.aviaii, 271 
coinpositimi, 272 
Ereiich, 273 

mineral constituents, 272 


Endive, structure, 271 
chief characters, 272 
Endivie, 271 
Enedin, 15 
English ivy, 248 
Enin, 15 
grape, 755, 767 
Enzymes, 16 
apple, 582 
apricot, 648 
banana, 503 
bean, 356 
broad bean, 318 
cabbage, 238 
carob, 676 
cherry, 662 
ehufa, 129 
cucumber, 450 
fig, 511 
garlic, 201 
grape, 767 
hoi’sc gram, 385 
liorseradish, 75 
jack bean, 392 
loqiiat, 607 
niiisliroom, 39, 42 
niuskrnnlon, 458 
papaya, 790 
pear, 593 
pecLie, 4 
potato, 168 
pumpkin, 438 
Sieva bean, 3(57 
sweet corn, 292 
potato, 109 
toiiialo, 416 
urd, 374 
watu'iiiolnii, 464 
yfdlow lupine, 309 

Epiminl dc la Nouvfdb; Zelande, 223 
E{>irm-viu<‘t((% 521 
Itl)()rig(! V ('get ale, 4(57 
Erbse, 324 
Erdeielu!!, 77 
Er(lni;in<lf4, 126 
Ergost,(;n)l, 21 
Ericaccir, 814 
Erioholrya japonica, (>01 
Knodrudruti anf \i osu m , 773 
Emuiti, 293 
I cm, 31 1 
Esearola., 271 
Ivcjirole, 271 
Eseorzom^ra, 115 
Esparrago, 187 
Espinaca, 210 
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Espinard, 210 
Espino bianco, 603 
Esters, amyl, 16 
liaalool, 16 

Eugenia, 803, 807, 809 
brazilimsis, 807 
Dombeyi, 807 
Jamholam, 809, 810 
JambcSj 807, 809 
javanica, 809, 811 
Michelii, 807, 809 
malaccensis, 807, 809 
unifiora, 807 
Vvalha, 807 
JEuphorbiccem^ 84, 725 
Euphoria, 740 
Longona, 739 
European elderberry, 854 
gooseberry, 553 
acids, 555 
composition, 554 
juice, 554 

mineral constituents, 556 
structure, 554 
chief characters, 554 
grape, 745, 757 
acids, 766 
carbohydrates, 766 
colors, 767 
composition, 760 
cabe, 760 
currants, 761 

influence of soil fertility, 664 
marc, 760 
raisins, 761 
ripening changes, 762 
seeds, 760 

storage changes, 764 
enzymes, 767 
fatty oil of seed, 764 

composition, 765 
values, 764 
juice, 763 

mineral constituents, 767 
pectins, 766 

])hosphonis-orgaaic compounds, 766 
respiration., 764 
sorbitol, 766 
structure, 758 
tannin, 766 
mountain ash, 602 
sno^v pear, 585 
strawberry, 608, 616 
composition, 616 
structure, 616 
whortleberry, 818, 821 


Faba saiiva, 314 
vulgaris, 314 
Fagiola, 347 
Family, amaranth, 221 
arum, 130 
banana, 494 
barberry, 521 
bellflower, 111 
bonabax, 773 
borage, 262 
buckthorn, 741 
buckwheat, 203 
cactus, 791 
cashew, 728 

composite, 112, 171, 265, 284 

custard apple, 523 

dogbane, 849 

dogwood, 813 

ebony, 839 

elffiocarpus, 769 

flaeourtia, 782 

garcinia, 776 

ginseng, 248 

goosefoot, 47, 210 

gourd, 429 

grape, 745 

grass, 180, 288 

heath, 814 

honeysuckle, 854 

ice plant, 223 

laurel, 534 

lily, 186, 278 

madder, 852 

mahogany, 721 

mallow, 398, 771 

martynia, 426 

mint, 145 

morning-glory, 102, 260 
mulberry, 506 
mustard, 60, 227, 280 
myrtle, 803 
nightshade, 148, 403 
oxalis, 678 
palm, 1S4, 481 
papaw, 787 
parsley, 88, 249 
passion-flower, 784 
pea, 76, 293, 666 
pineapple, 487 
polypody, 178 
pomegranate, 799 
purslane, 225 
rose, 557 
rue, 682 
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Family, sapodilla, 831 
saxifrage, 542 
sedge, 123 
soapberry, 737 
spurge, 84, 725 
Yalerian, 263 
water-lily, 142 
water plantain, 120 
yam, 137 
Fan-kot, 82 

Fat, 2, 27 ; see also individual vege- 
tables and fruits 
butter, 17, 21 
Faux inurier, 633 
Fava, 314 
Feige, 506 
Felceto, 178 

Fenchel, Romischer, 251 
Fennel, 88 

Florence, see Florence fennel 
Roman, 251 
sweet, 251 
Fenouil doux, 251 
Fenugreek, 295, 296, 299 
Fetticus, 263 
Feuerbohne, 359 
Feverole, 314 
Fico, 506 
d'India, 791 
Ficus Carica, 506 
hortensis, 507 
smyrnioca, 507 
sylvestris, 507 
Field corn, 288 
pea, 324 
Fig, 2. 606 
acids, 510 
banana, 495, 499 
black neck, 510 
capri, 507 
composition, 509 
enzymes, 511 
fatty oil of seed, 510 
garden, 507 
Indian, see Indian fig 
mineral constituents, 512 
^Smyrna, 507 
sti’iicture, 507 
chitif (‘hiiTiictnrH, 509 
w;isp, 507 
wild, 507 
Idgiio, 506 
b'iguicu' (Undo, 791 
Finoccihio, 251 
Fish, 22 
liver, 21 


Fish, shell, 21 
Futulimrj 30 
hepaticaj 36 

Flacourtia family, fniits, 782 
Flacourtia, 782 
Ramontchi, 782 
F hcouriiacem, 782 
Flat pea, 345 
Flavins, 4, 14 , 22 
Flavones, 4, 14 
Flavonols, 4, 14 
Florence fennel, 88, 249, 261 
structure, 252 
chief characters, 252 
Flour, apple, 570 
potato, 148 
taro, 131 
yautia, 135 
Flower, corn, 15 
chemical constituents, 277 
relation to leaf, 277 
vegetables, 277 
chemical constituents, 277 
relation of flower to leaf, 277 
Flowers of composite family, 284 
of lily family, 278 
of mustard family, 280 
Fodder pea, Indian, 345 
Foeniciclum, 88 
dutce ) 251 
vulgare, dulce^ 251 
Foliage beets, 47 
Fortunella, 682, 718 
Hindsii, 718 
Japonica, 692, 718 
Junes, 692 
margarita, 718 
Fougere commune, 178 
Foxberry, 814, 828 
acids, 830 
benzoic, 827 
color, 15 

composition, 828 
juice, 829 
seeds, 830 

fatty oil of seed, 830 
glucosides, 830 
structure, 828 
Frayanti, 508, 511 
f'iril(}('n.sis, 608, 613 
013 

elat'iof, f>13, 610 
7nosrhaI(i, 616 
vesca, 608, 613, 616 
americana, 608 
virginyiiia, 608, 613 
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Fragola, 616 
Fraise, 616 
du Chili, 608 
Framboise, 618 
de Virginie, 626 
Frambuesa, 618 
French endive, 273 
sorrel, 208 
vetch, 320 
Fresa, 616 
Frijole, 347 
Fructane, 197 
Fruit a pain, 518 
vegetables, 287 
Fruita pao, 518 
Fruits, 479 
citrus, 2 

of banana family, 494 
of barberry family, 521 
of bottibax family, 773 
of buckthorn family, 741 
of cactus family, 791 
of cashew family, 728 
of custard-apple family, 523 
of dogbane family, 849 
of dogwood family, 813 
of ebony family, 839 
of elseocarpus family, 769 
of flacourtia family, 782 
of gardnia family, 776 
of gourd family, 429 
of grape family, 745 
of grass family, 288 
of heath family, 814 
of honeysuckle family, 854 
of laurel family, 534 
of madder family, 852 
of mahogany family, 721 
of mallow family, 398, 771 
of martynia family, 426 
of mulberry family, 506 
of myrtle family, 803 
of nightshade family, 403 
of oxalis family, 678 
of palm family, 481 
of papaw family, 787 
of passion-flower family, 784 
of pea family, 293, 666 
of pineapple family, 487 
of pomegranate family, 799 
of rose family, 557 
of rue family, 682 
of sapodilla family, 831 
of saxifrage family, 542 
of soapberry family, 737 
of spurge family, 725 


Fnito del pan, 518 
Friitto del pane, 518 
Fucoxanthin, 14 
Fu-qua, 465 

Futtererbsen, indische, 345 
Futterwicke, 319 

G 

Galeffeas, 293,297 
Galium, 852 
Gamboge tree, 776 
Ganid, 719 
Garbanzo, 340 
Garcinia family, fruits, 776 
composition, 776 
structure, 776 
Gardnia Mangostana, 776 
Morelia, 776 
Garden huckleberry, 424 
peppers, 403, 404, 421 
colors, 422 
composition, 421 
mineral constituents, 422 
phosphorus-organic compounds, 
422 

phytin, 422 
sorrel, 208 
acids, 209 
composition, 209 
mineral constituents, 209 
structure, 209 
chief characters, 209 
Garlic, 186, 198 
carbohydrates, 201 
inulin, 201 
composition, 200 
enzymes, 201 
mineral constituents, 201 
structure, 199 
chief characters, 200 
volatile oil, 200 
Gartenkresse, 228 
Gaste7'omycetes, 30, 43 
Gaylussacia, 815 
jrondosa, 814 
o'ednosa, 814 
vTsina, 814 
Gelbe Lupine, 302 
Genipa americana, 852 
Genipap, 852 
structure, 852 
chief characters, 853 
Genistes>., 293, 297, 298 
Geranium, red, 15 
Germ, cereal, 19, 22 
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Gesette, 345 
Giaat granadilla, 784 
structure, 784 
chief characters, 785 
Gigaro, 136 

Gill mushrooms, 30, 39 
acids, 41 
lactarinic, 42 
stearic, 42 
carbohydrates, 42 
composition, 40 
enzymes, 42 
fat, 41 

glucosides, 42 
mineral constituents, 42 
nitrogenous bases, 41 
stearic acid, 42 
sterols, 41 
structure, 39 
urea, 41 
Ginseng, 248 
family, shoots, 248 
Girasol, 171 

Girasole de Canada, 171 
Girello, 275 
Giiiggiolo, 741 
Gland de terre, 77 
Glatte Pfirsieh, 656 
Globulin, 298 
adziiki, 376 
blue lupine, 311 
China bean, 380 
Lima bean, 364 
Mimg bean, 371 
rauskniclon, 456 
orange, 694 
tomato, 411 
’velvet bean, 394 
IV^inter squash, 442 
yellow lupine, 304 
Glucosides, cranberry, 827 
foxberry, 830 
grapefruit, 717 
loqiiat, 607 
mushroom, 42 
orange, 697 
potato, 165 
8ieva bean, 366 
vetch, 324 
Glutamic acid, 1 
Glutamine, 1, 55, 70S 
Glutolin, inuskmelon, 456 
yidlow In pine?, 305 
Glyru'no iiiberciisc', 80 
nfijrmo, 293 

dp/ux, vSO 


Glydne hispida^ 369 
Glycine-betaine, 717 
Glycinin, 298 
Goat's beard, 112 
Gobo, 116 

Golddistel, spanische, 115 
Golden thistle, 115 
Gombaut, 398 
Gombo, 398 

GonocaTyum pyrijorme, 9 
Gooseberry, 2, 542 

American, see Amerirum goosehorry 
cape, 422, 423, 424 
Ceylon, 782 

European, see European gooseberry 
Otaheitc, 727 

Goosefoot family, loavo.q, 210 
composition, 210 
structure, 210 
roots, 47 

Gourd, dish-cloth, see Eish-eloth gourd 
family, fmits, 429 
composition, 432 
starcture, 429 
melon, white, 470 
wax, .see Wax gourd 
Governor’s plum, 782 
Goyave, 803 
Graine do sureau, 854 
OrammcDC, 180, 288 
Granada, 799 
Granadilla, 784 
giant, sec (bant granadilla 
purple, .see Purple grn iiadilla 
Granadille, 784 
apfolffirmigo, 785 
Graniitiglia, 784 
C}rap(r, 2, 15 

American, .see Anauican gr.ape 
black, 745, 758 

European, .s<';e fdirc)])C!»u grape 
family, fruits, 745 
fox, 745 
Mu.seadinc, 74.5 
ivd, 745, 758 
Scuppernong, 745, 749 
.s(‘(!(il(‘sfs, 758 
Suiiiiiier, 745 
white, 74.5, 7.58 
Grapefruit, 684, 714 
acids, 717 
colors, 718 
composition, 715 
.sfM'd, 71G 

storage fihanges, 716 
fatly oil of seed, 717 
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Grapefruit, glncosides, 717 
inosite, 718 

mineral constituents, 718 
nitrogenous bases, 717 
structure, 714 
cliief characters, 714 
volatile oil, 717 
G-rass, 12 
family, fruits, 288 
leaves, 180 
steins, 180 

Graue Myrobalauen, 726 
Great burdock, 46, 112, 116 
carbohydrates, 117 
composition, 117 
mineral constituents, 117 
structure, 116 

chief characters, 117 
Green com, 288 
gage plum, 687 
mustard, 245 

Greens, beet, see Beet greens 
turnip, 241 
Grenade, 799 
Grenadine, 799 
Grenatapfel, 799 
G'nndelia cam.'porum, 468 
Griotte, 662 
Groseille, 543 
noire, 549 
vertc, 553 

Grosellero negro, 549 
rojo, 543 

Grosse-ICiirbis, 432 
CxTossularia, 542 
Ground nut, 45, 46, 76, 80, 293 
corriposition, 81 
mineral constituents, 82 
structure, 80 
chief characters, 81 
Gruniiciiana, 807 
Guajavo, 803 
Guanahana, 526 
Guanidine, 55, 475 
Guava, 803 
(composition, 805 
seeds, 805 
Costa Rican, 803 
fat.ty oil of seed, 805 
jelly, 803 
lemon, 806 

txiinoral constituents, 807 
phospbcoriis-orgariic compoutids, 806 
phytin, 806 
strawberry, 803, S06 
structure, 804 


Guava, structure, chief characters, 805 
Guayaba, 803 
Guayabota, 839 
Guinea yam, white, 137 
yellow, 137 
Guisante, 324 
Gulab-jaman, 807 
Gumbo, 398 
Gurke, 446 
Guttiferse, 776 

E 

Haferwurzel, 112 
Hairy lupine, 304 

vetch, rough, see Rough hairy vetch 
Hamburg parsley, lOO 
Haricot, 347 
d’Espagne, 359 
de Java, 365 
de Lima, 361 
mungo, 373 
Easu-no-ne, 142 
Haw, 603 
Hawthorne, 603 
composition, 603 
structure, 603 
Eayato-uri, 475 
Heath family, fruits, 814 
composition, 814 
structure, 814 
Heehima, 469 
Hedera, 248 

Hedysarem, 293, 297, 298 
Heidelbeere, 818 
Helecho, 178 

HclmTitlms Tubcwsiis, 171 
Helw poma^tkij 4 
]Jclvell-a csculenta, 37 
Heniatin, 75 
IT&merocallis fidva, 278 
Hemicelhilose, bean, 356 
Jerusalem artichoke, 174 
pea, 331 
Hemin, 5 

n-Hentriacontane, 236 
?i-HeptacosanG, 579 
Heptacosanol, 579 
Hcmcleum, 6 
Herb patience, 208 
Hesperidin, 684 
orange, GS7, 697 
Hesperitin, 697 
flevea, 84 
Hexoxidase, 20 
Tlihiscus csaihntnf^, 398 
Sahdarijja, 398, 771 
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Hibiscus Trionum, 399 
Hieaco, 663 
Higo, i06 

Hiliim cushion, 294 
Hinibeero, 618 
schwarze, 626 
Hinojo, 251 
Hirschschwamm, 35 
Histidine, 236 
Histidine-betaine, 41, 164 
Hiu, 221 
Hiyu, 221 
Hog plum, 734 
Hoh-lang-dau, 340 
Hoja de Alcachofa, 220 
Hollyhock, 771 
Holunderbeere, 854 
Holzapfel, 585 
Honey jujube, 741 
locust, 671 

Honey-dew melon see Muskmelon 
HoneysucHe family, fruits, 854 
Honewort, 249, 256 
composition, 256 
mineral constituents, 256 
structure, 256 
chief characters, 256 
Hontei-tan, 363, 365 
Hon-toi-moi, 221 
Hop, 187 
shoots, 187 
Hop-asparagus, 187 
Horse bean, 314 
gram, 386 
composition, 385 
enzymes, 385 
proteins, 385 
ISr-distribution, 385 
structure, 385 
chief characters, 385 
Horse-iudish, 46, 60, 72 
composition, 74 
enzymes, 75 
hoinatin, 75 

mineral constituents, 75 
structure, 72 
chief (‘haracters, 74 
Hubbard squash, 441, 442, 444, 445 
Ihurkleborry, 814, 821 
('oiii position, 817 
garden, 424 

mineral constituents, 817 
i'{‘S])iration, 817 
structure, 814 

chief characters, 816 
Ihmiu.lKs LnjmhiSj 187 


Hung-shu, 105 
Hung-toi, 260 
Husk tomato, 422 

Hyacinth bean, 293, 264, 296, 299, 381 
composition, 384 
proteins, 384 
amino acids, 385 
N-distribution, 385 
ultimate composition, 3S4 
structure, 382 

chief characters, 384 
Eydnese, 30, 35, 36 
IJydnum, 30 
reyandum, 36 
Hydrocyanic aedd, 87 
HyloccreuSj 791, 798 
undatus, 798 

Hymeiiium, 31, 33, 40, 44 
Hymeiwmycctcs , 30, 35, 39 
Hyphso, 29 

Hyphcloma co'U.dollcamim, 41 


Icaco, 635, 663 
composition, 664 
mineral constituent s, 665 
structure, 663 

chief chai’acders, 664 
Icc plant family, liuivcus, 223 
stems, 223 
Idacin, 15 
Ignanie, 137 
Ignanio, 137 
Ikakopflaiime, 663 
Hama, 630 
stnicture, 530 

chief (diaractfu's, 530 
Indian fig, 741, 791, 792 
fodder p('a, 345 
jujube, 741 
Indican, 42 
Indisc'he hVig(‘, 791 
Euttercrb.sen, 345 
Indiviu, 271 
In()a dulcis, 676 
luf/csrj, 293 

Inklusen, 483, 484, 673, 840 
Inklusionen, 484 
Inodes 'pabncUo, 184 
Inosite, grapefruit , 718 
lemon, 709 
orange, 697 
Inula Hehm'imi, 174 
Inulin, 27 
artichoke, 2S5 



INDEX 


879 


liiLilin, burdock, 116 
Jerusalem artichoke, 174 
Jeek, 201 
onion, 197 
salsify, 114 
scorzonera, 116 

Invert sugar, see individual vegetables 
and fruits 
Ipomcea, 139 
Batatas, 102 
rep tans, 260 
Italian corn salad, 263 
Ivory nut, 481 
Ivy, English, 248 

.1 

Jaca, 515 

Jack bean, 293, 294, 295, 298, 299, 386 
composition, 389 
enzymes, 392 
fat, 391 

mineral constituents, 392 
nitrogenous bases, 391 
phosphorus-organic compounds, 
391 

proteins, 390 
amino acids, 391 
N-distribution, 391 
ultimate composition, 390 
structure, 386 
chief characters, 389 
fruit, 506, 615 
composition, 517 
structure, 515 
chief characters, 517 
Jackfrucht, 515 
Jack-iii-tbe-pulpit, 130 
IiLCciuo, 515 
Jagua, 852 
Jak, 515 
Jala]), 463 
Jauibo, 807 

Janibolun, 803, 807, 809, 810 
composition, 810, 811 
structure, 810 

cliief characters, 811 
Jumbos, 807 
Jumbo.s Jamb us, 807 
vnhjaris, 807 
Jambosa, 807 
mahtcccnsis^ 807 
Jaiiielongue, 810 
Jmnrosade, 807 
Japan clover, 293, 297 
Knollen, 145 

JapanciHe ixu’Hiniinon, 839 


Japanese plum, 644 
structure, 644 
potato, 145 
carbohydrates, 146 
stachyose, 1 46 
composition, 145 
mineral constituents, 147 
nitrogenous bases, 146 
stachydrine, 146 
pectin, 147 
proteins, 145 
structure, 145 
sand pear, 585 
Japanische Mispcl, 604 
Java bean, 365 
Jelly bricks, 797 
Jerusalem artichoke, 118, 171 
carbohydrates, 173 
inulin, 174 
composition, 172 
mineral constituents, 174 
structure, 171 
chief characters, 172 
Jicama, 78 
Johannisbeere, 543 
schwarze, 549 
Johannisbrot, 671 
J olmny-go-to-b ed-at-noon, 1 12 
Jujube, 741 

Chinese, see Chinese jujube 
honey, 741 
Indian, 741 
lotus, 741 

X 

Kaffir plum, 782 
Kai-choi, 245 
Kai-lan-choi, 232 
Xaki, 839 
carbohydrates, 846 
colors, 846 
composition, 843 
growth changes, 843 
ripening changes, 844 
storage changes, 844 
phosphorus-organic compounds, 846 
phytin, 846 
respiration, 846 
structure, 840 
cliief characters, S42 
tannin, 846 
Kakifeige, 839 
Kaki-na, 245 
Kakitchiseha, 266 
Kale, 227, 231 
carbohydrates, 233 
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Kale, composition, 232 
curled, 231 

mineral constituents, 233 
non-ciirley, 232, 233 
Scotch curled, 231 
Siberian curled, 231 
structure, 231 

chief characters, 232 
Kamanchile, 293, 294, 299, 666, 676 
composition, 677 
fatty oil of seed, 677 
siructime, 676 
chief characters, 677 
Kam-chain-t’soi, 278 
Ivan-hi, 145 
Kapok seed, 773 
Karambola, 678 
Kardon, 275 
Kartaffcl, 148 
siisse, 102 
Kaschu, 735 
Kassava, 84 
Kei apple, 782 
structure, 782 
chief eharaetoi's, 7S3 
Keracyanin, 15 
Kcrbcl, 250 
Ifetcrnbilla, 782 
ICichererl)HC, 340 
Kidney, 23 

King orange, 682, 083, 699, 700 
couiposition, 701 
nuinu'al constiliKUit.s, 702 
Kill 111 chan, 279 
K ir.scliwiisser, 657 
Knf)b!a.uc*li, 198 
Knoll-Selh'rie, 101 
KoIilral)i,227, 229 
ciuKohydrales, 231 
couipo.siikin, 230 
luiiieriil (*.( )insi iU unit s, 231 
sl-riK'liire, 229 
clii(!r (*hara(4ers, 23(1 
Kopl’kohl, 233 
Konu'lkirsche, 813 
Kriiii tsfiuigel, 220 
KikIzu, 45, 76, 82, 293 
col ii[)f).si(,ien, 83 
iiiiiKM'al (!( >11 si ill i(‘ul s, 83 
sin ic til IT', 82 

cliief (‘haraek -rs, 83 
K 11 III I Ilia, 385 
Kiilliii, 385 

Iv II iii<)i 111 t, (>82, ()S1, 718 
(‘( )i 11 ] xisil i( m , 7l 9 
ilongkong, 718 


Knmqiiat, mineral constituents, 7l9 
nagami, 718 
oval, 718 
round, 718 
structure, 718 
wild, 718 

Kuro-Kuwai, 124 
Kuwai, 120 


Lahialae, 145 
Lablab, 381 
Lablab cultratus, 381 
vuloaris, 381 
Laccase, 39 
Lactarinic acid, 42 
Lactarins, 37, 40, 41 
azoniles, 42 
controversns, 42 
dclicioms^ 42 
lilacinus, 42 
plu7nheus, 42 
pyrogallm, 42 
subdulcis, 42 
pale, 42 
tlieiogalhifi, 42 
vellercm, 42 
uvuhiJi, 42 

Lac Luca saliva, 265, 266 
Scariola, 206 
virom, 266 
Lactucarium, 266 
Lai til 0 , 266 
La-kvva, 466 
launhog, 719 
Lamb’s lettuce, 263 
lianipone, 618 

Langhohiu’, .siOnvarzilugige, 381 
hang, sat, 721 
compo.sition, 723 

plHJsphonis-organic* coiiipeunds, 723 
phytin, 723 
sl.riictiire, 721 
chief eharae.ter.s, 722 
Lansa, 721 

L(imm7n do m vslinnn, 72 1 
IvunsoiK', 721 
Lanzbne, 721 
harksi>ur, 15 
Lnihynj.s, 293 
odor at as, 345 
sal iv us, 345 
I nherosus, 77 
hal.lich, 266 
huttiiga, 206 
Laucli, 201 
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By 534 

Laurel family, fruits, 534 
Leaf beet, 220 
vegetables, 176 
composition, 177 
structure, 176 

Leaf-mustard cabbage, 245 
Leaves of amaranth, family, 221 
of borage family, 262 
of buckwheat family, 203 
of composite family, 265 
of goosefoot family, 210 
of grass family, 180 
of ice plant family, 223 
of lily family, 186 
of morning-glory family, 260 
of mustard family, 227 
of palm family, 184 
of parsley family, 249 
of purslane family, 225 
of vaterian family, 263 
Leblelif, 342, 343, 344 
Lechuga, 266 

Lecithides, broad bean, 318 
Lecithin, broad bean, 318 
pea, 331 

Spring vetch, 321 
sweet potato, 109 
yellow lupine, 309 
Leek, 186, 201 
coniposition, 202 
mineral constituents, 202 
structure, 201 
chief characters, 202 
Logiimelin, 298 
broad bean, 317 
smooth pea, 328, 329 
Spring vetch, 321 
Legumes, see Pea family 
aleiironc grains, 297 
classification, 293 
fat, 298, 299 
proteins, 298 
stai’ch, 297 
Logumin, 298 
broad bean, 317 
smooth pea, 328, 329 
Spring vetch, 321 
Lc^/uminossey 46, 76, 293, 666 
Loguminous seeds, 22 ; see also 
limes 

Lcmaireoccreia, 791, 798 
Lcuuon, 16, 682, 684, 703 
acids, 708 
albedo, 709 
carbohydrates, 708 


Lemon, colors, 709 
composition, 704 
apical end, 705 
basal end, 705 
freezing changes, 707 
juice, 706 
fermented, 706 
parts, 705 

ripening changes, 707 
fatty oil of seed, 708 
inosite, 709 
juice, 20 

mineral constituents, 710 
nitrogenous constituents, 708 
pectins, 709 
respiration, 707 
structure, 703 
chief characters, 704 
volatile oil, 708 
Lens esmlenta, 311 
Lente, 311 
Lenteja, 311 
Lentil, 293, 298, 299, 311 
carbohydrates, 314 
composition, 313 
fat, 314 

mineral constituents, 314 
proteins, 313 
amino acids, 313 
Spanish, 293 
structure, 311 
chief characters, 312 
Lentille, 311 
Lepidio, 228 
LepidiTim sativu77i, 228 
Lcjfiotc procera, 42 
Lespedeza, 293 
Lesser yam, 137 
Lettuce, 265, 266 
acids, 269 
common, 266 
composition, 268 
influence of soil, 268 
cos, 266 
lamb’s, 263 

mineral constituents, 269 
opium, 266 
romaine, 266 
structure, 266 

Log- chief characters, 26S 

LGiico-antliocyaiiins, 16 
Liebesapfel, 404 
Ligulijlorse, 112, 265 
LiliaccDe, 186, 278 
Lilicdc, 186 
Liliiim, 186 
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Lilium am alum, 191 
Brownii, 191 
concoloT pwlchellum, 191 
cordijolium^ 191 
elegans, 191 
glehni, 191 

japonicum, Brownii, 191, 192 
pardalium, 191 
parvum, 191 
iigridum, 191 
Lily, 277 
calla, 130 

Chinese, see Chinese lily 
family, bulbs, 186 
composition, 186 
structure, 186 
flowers, 278 
leaves, 186 
composition, 186 
structure, 186 
shoots, 186 

composition, 186 
structure, 186 
tawny, see Tawny lily 
Lima bean, 293, 361 , 710 
composition, 363 
mineral constituents, 365 
proteins, 363 
amino acids, 364 
N’-distribution, 364 
ultimate composition, 364 
structure, 361 
chief characters, 363 
Chickasaw, 386 
Lime, 682, 684, 710 
colors, 712 
composition, 711 
fatty oil of seed, 712 
mineral constituents, 713 
nitrogenous constituents, 712 
])Gctins, 712 
seed cake, 712 
structure, 711 

chief characters, 711 
volatile oil, 712 
Limon, 703 
Li m one, 703 

Llnionla aur anti folia, 710 
Ijinalool esters, 16 
Lin^uD^i:, 739 
Liiikcnfi;, 739 
Tu’n-uM'ou, 142 
I;ins{‘, 311 
lutchi, 479, 737 
coiiipositioii, 739 
nut, 737, 739 


INDEX 

Litchi nut, structure, 737 
chief characters, 739 
Litchi, 740 
chinensis, 737 
Litchipflaurne, 737 
Liver, 17, 20, 23 
fish, 21 
oils, 17 

Locust, honey, 671 
Loganberry, 2 , 617, 618, 630 
acids, 632 
composition, 631 
pulp, 631 

fatty oil of seed, 632 
structure, 630 
chief characters, 631 
Loh-bak ehoi, 63 
Long bean, black-eyed, 381 
Longan, 479, 737, 739 
composition, 740 
structure, 740 
Long-yen, 739 
Longyen, 739 
Loquat, 557, 558, 559, €04 
acids, 607 
composition, 606 
enijyines, 607 
glucosides, 607 
structure, 604 

chief characters, 606 
Lotem, 293, 297 
Loto, 142 
Lotos, 142 
Lotus, 118, 142 
composition, 144 
Egyptian, 142 
jujube, 741 

mineral constituents, 144 
sacred, 142 
structure, 142 

chief characters, 144 
Lotus, 293 
Luwenzahn, 274 
Lucuma mammosa, 836 
Luff a, 429, 431, 467 
acutanguln , 467, 468, 469, 470 
ivoyplira, 469 

cylindrica, 467, 468, 469, 470 
Luiraschwainm, 467 
Luinboy, 810 
Luj) an inline, 307 
Liipaninc, 301, 307, 311 
Lupeosc, 308 
Lupin blanc, 300 
bleu, 310 
jaune, 302 
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Lupine, 294, 295, 297, 298 
blaue, 310 

bine, see Blue lupine 
Cruikshank’s, 304 
gelbe, 392 
hairy, 304 
perennial, 304 
weisse, 300 

white, see White lupine 
yellow, see Yellow lupine 
Lupini, 300 
Lnpinine, 307 
Lixpinus, 293 
alhiLS, 300, 304 
anigustijolius, 304, 310 
leuccwthm, 310 
leuoospermus, 310 
CrnikshanhsU, 304 
hirsutvSj 304 
Internum, 304 
perennis, 311 
polyphyllus, 304 
Spath'ulatus, 307 
varivs, 304 
Lutein, 12 

Lycium haliTnijolium^ 13 
Lycopene, 10, 405, 415, 648 
Lycoperdon, 30 
Bovista, 44 

Lycopersicine, 405, 467 
Lyeoperdcum, 404 
escule%tum, 404 
^impinellifolium, 404 
Lyo chromes, 4, 14, 22 
Lysine, 164, 236 

M 

Ma ha-i, 123 
Maholo, 839 
Mackerel oil, 18 
Macopa, 810, 811 

composition, 810, 812 
structure, 811 

chief characters, 812 
Madagascar plum, 782 
Madder family, fruits, 852 
Madrai, 518 

Madras myrobolan, 726 

Make, 518 noi 

Mahogany family, fruits, 721 
composition, 721 
structure, 721 
Mais sucre, 288 
Maiz, 288 
Maize, 12 

Malanga colore, 135 


Maley apple, 807 
Malic acid, 2- 
Maliner Kren, 72 
Mallow family, fruits, 398, 771 
marsh, 398 
Malol, 579 
MahjbS baccata, 585 
communis, 559 
jragrans, 585 
ioenm, 585 
Malics, 559 

microcarpa, haccata, 585 
Soulardii, 585 
Malvacese, 398, 771, 773 
Mamey, 776, 779 
Colorado, ^6, 837 
composition, 781 
de Santo Domingo, 779 
structure, 779 
chief characters, 781 
Mammea americana, 779, 835 
Mammeiapfel, 779 
Mandarin, 682, 683, 699, 701, 702 
colors, 702 
composition, 702 
mineral constituents, 703 
Yolatile oil, 702 
Mangels, see Beet root 
Mangel-wurzels, see Beet root 
Mangijera indica, 729 
Mango, 728, 729 
colors, 732 
composition, 731 
mineral constituents, 732 
phosphorus-organic compounds, 731 

phytin, 731 
respiration, 731 
structure, 729 
chief characters, 731 
Mangolds, 47 
Mangostan, 776 
Mangostana„ 776 
Mangostane, 776 
Mangosteen, 776 
composition, 778 
mangostin, 779 

phosphorus-organic compounds, 

phytin, 779 
structure, 777 
chief characters, 778 
Mangostin, 779 
Mangoustan, 776 
Mangue, 729 
Manihotj 84 

Aipi, S4 
dnlcis, Aigpi, 84 
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Manihot ntilissima, 84 
Manila tamarind, 676 
Manioca, 84 
Mannite, 30 
asparagus, 190 
cauliflower, 281 
celery, 255 
onion, 197 

a-d-Mannoheptite, 540 
d-Mannoketoheptose, 540 
Manzana, 559 
Manzanitas, 769 
Marafion, 735 
Maraschino, 663 
cherries, 658 
Marie tambour, 785 
Marrow, vegetable, 439 
Marrowfat pea, 325, 336 
Marsh mallow, 398 
Martynia family, fruits, 426 
Martynia Craniolaria, 425 
louisiana^ 426 
prohoscidea^ 426 
Martyniaceai, 425 
Ma-tai, 124 
Maiilbcore, 512 
Mazzards, 657 
Meat, 22 
Medkago, 293 
Medlar, 557, 558, 599 
acids, 602 
composition, 600 
freezing change's, 501 
juice, 601 

storage changes, 601 
giant, 599 

mineral constituents, 602 
romance, 599 
st'C’dlcss, 599 
siniciiirc, 599 

<‘liief chiiiuct.or.s, 600 
jMeeri'ettig, 72 
Meblbcere, 603 
JM('Ia cotogna,, 591 
iM(!lagnuia,, 709 
Melanin, 164 
M(4anzaini, 417 
yife/mrc.T, 721 
Melloiuj, 451 
Melocoton, 549 
M(4on, 479 
aJinizfimio, 451 
(‘assa})a, >•( <: Miiskmelnii 
(duiiese preserving, 470 
(titrcjii, 458, 713 
cucumber, 451 


Melon, d’eau, 458 
miisque, 451 
netted, see Muskinelon 
nutmeg, see Miiskmelon 
orange, 451 
Persian, 451 
Persikaner, 454, 455 
pineapple, 451 
serpent, 451 
sugar, 451 
white gourd, 470 
Winter, 451 
Zucker, 454, 455 
Melon, 454, 455 
espagnol, 454, 455 
Melonenbaum, 787 
Mclonenkiirbis, 439 
Membrillero, 594 
Mesembryanlhernmn, 223 
Mespilm Agarolus^ 599 
germardca, 599 
ahortiva, 599 
apyrena, 599 
gigaritca, 599 

Methyl anthranilate, 16, 755 

Mibu-na, 241 

Midsiina, 241 

Milk, 17, 19, 21, 22, 23 

Milkweed, 187 

Mimosa dulcis, 676 

Mimosacem^ 293 

Mineral constitiU'nt.s, 16; .sec (dso in- 
dividual \T.'g(!t.ahl€S and 
frii its 

Minor iiiira'ral coriKtituients, 16; we 
also individual vegetables 
and fruiisi 

Mint iiunily, tubfU'H, 145 
Mirabel le phuii, 637 
Mispcl, 599 
Japaiiischc', 604 
Mil. SI) ha,, 88, 256 
Mizii-iia, 241 
Mdhrn, 93 

M o iiit it Jr art Igt tn a , 575 
Mollelx'f'n?, fii'l 

Moiiil )iii, red, .see lied inonihiii 
r(>ug(?, 731 

Monil )iii{ iflai iima 731 
M 0 /IK )r(lir(i, 429, 4f>7 
<! Iiiimii tin, 431, 465, 467 
rur/i 1 /If •// in ousis, 4 67 
rylindrirn, 467 
Moiidhohne, 361 
Morn, 512 
del rovo, 626 
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Moraceae, 505 
Morchelh, 30 
conicaj 31 
esculent a j 31, 32 
Morcheln, 31 
Morelle noire, 424 
Morels, 30, 31 
composition, 31 
mineral constituents, 32 
structure, 31 
M Grilles, 31 

Morning-glory family, leaves, 260 
root-tubers, 102 
stems, 260 
Mcrus, 512 
alba, 512^ 

TThulticaulis, 512 
nigra^ 512 

Moschuskiirbis, 445 
Moth, bean, 299, 367 
composition, 368 
structure, 367 
chief characters, 368 
Mountain apple, 809 
ash, European, 602 
cranberry, 828 
Mucilage, quince seed, 598 
taro, 134 
Mucin, 140 
Mulberry, 506, 512 
black, 512 
color, 515 
composition, 514 
family, fruits, 506 
composition, 506 
structure, 506 
structure, 513 

chief characters, 514 
white, 512 

Miing bean, 299, 369, 373 
composition, 370 
mineral ^constituents, 372 
phosphorus-organic compounds, 
372 

phytin, 372 
proteins, 371 
amino acids, 372 
NT-distribution, 372 
ultimate composition, 371 
sprouts, 371 
structure, 369 

chief characters, 370 
Mungobohne, 373 
Muntingia Calabura, 769 
Mure, 512 
sauvage, 626 


Musa, 494, 500 
Cavendiskiij 494, 505 
chinensis, 494 
paradisiaca, 494 
seminijera, 494 
sapientum, 494 
grandis, 503 
lacaian, 503 
rubra, 494 
suaveolens, 503 
seminijera, 494 
troglodytarnm, 494 
Mmaceae, 494 
Muscarine, 30 
Muscatel raisin, 758 
Mushroom sugar, 30 
Mushrooms, 29 
classification, 30 
common, 35 
composition, 30 
trehalose, 30 
urea, 30 
coral, 30, 35 
gill, 30, 39 
spiny, 30, 35 
structure, 29 
tube-bearing, 30, 36 
Musk squash, 431, 445 
structure, 445 
chief characters, 446 
Muskmelon, 429, 431, 432, 461 
composition, 454 
ripening changes, 454 
storage changes, 454 
enzymes, 458 
fatty oil of seed, 457 
composition, 458 
values, 457 

mineral constituents, 458 
phosphorus-organic compounds, 45S 
phytin, 45S 
proteins, 456 
amino acids, 457^ ^ 
ultimate composition, 457 
structure, 452 

chief characters, 454 
Mustard, Chinese, 245 
family, flowers, 280 
leaves, 227 _ 

composition, 228 
structure, 227 
roots, 60 

composition, 61 
structure, 60 
stems, 227 

composition, 228 
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Mustard family, stems, structure, 227 Ncuseelandisclier Spinat, 223 


green, 245 
greens, 227 
oil, volatile, 60 
pot-herb, 241 
Mu-staza, 245 
Mycelium, 29 
Myrobalanen, graae, 726 
Myrobalanus Chebula, 726 
Myrobolan, Bombay, 727 
Madras, 726 
Myrrh, 250 
Myrrhis odorata, 250 
Myrtacee&, 803 
Myrtillidin, 15 
Myrtillin, 15 

Myrtle family, fruits, 803 
structure, 803 


Nabicol, 229 
Nabo, 71 

Nachtschatten, 424 
Naga-imo, 137 
Name, 137 

Naubu-naga nasu, 420 
Naranjo agrio, 700 
Narcotine, 412 
Naringin, 684, 717 
Narrow-leaved vetch, 299, 323 
composition, 323 
glucosides, 324 
structure, 323 
chief characters, 323 
Naseberry, 831 
Nasturtium, 277 
Nasturtium officinale, 245 
Natal plum, 849 
Navet, 71 

Nectarine, 635 , 636, 649, 656 
composition, 657 
structure, 657 
chief characters, 657 
Nefle, 599 
du Japon, 604 
Negro yam, 137 
N clurnhmm speciosuw., 142 
N efurnho nueijera, 142 
N (•])} id him la'ppareurn, 737 
lAlchi, 737 
Lonr/ima, 739 
viu labih, 737 
N(’S[)<)I?i,, 599 
di Oiai)ponf, (RM 
Neftfsl riifdon, see iVluskiiiflon 
Nettle, 11 


New Zealand spinach, 176, 223 
acids, 224 
composition, 224 
structure, 223 
chief characters, 224 
Ngaii-pong, 116 
Nightshade, 403, 404 
black, see Black nightshade 
family, fruits, 4.03 
composition, 404 
structure, 403 
tubers, 148 
Nispero, 599, 831 
del Japon, 604 
Nitrates, 55, 69 
Nitrites, 121 

Nitrogenous bases, beet, 219 
cabbage, 236 
carrot, 98 
chayote, 475 
chick pea, 344 
curairnber, 450 
grapefruit, 717 
jack bean, 391 
Japanese jiotato, 146 
iniishrooiii, 38, 41 
pumpkin, 437 
Sidva bean, 365 
tawny lily, 279 
/i-.-Nonacosane, 237, 579 
lO-NoiiaeortaiioI, 579 
fl~ lO-Nfjiinco.sii udI, 579 
Nut o(Ulo, 135 
ground, .sci‘ Grcjuiul iiut 
ivoi’y, 4S1 
pnliti, ‘481 

Nutmeg melon, sac Muskmehm 
Nuts, 19 

A' // /// j)h !t (t, LiAus, I } 2 

N !/tfi jthit (K'cii'y 112 

O 


7/-t )ct nvo.sii liol , 579 

( )<1( )r<)iis const it \u 'ii Is, 16 
aiiple, 581 
l):iii!Uin, 503 
gjirlic, 200 
grap<‘, 755 
(jiiioii, 197 
(iiangf', (198 
peach, 655 

miihr*! lifer-tais vr ‘gt •( ;iblf -s, 250 
<lcil do dragon, 739 
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0-garaschi, 245 
Ogaon, 194 
Ohia, 807, 809 
composition, 810 
Oil, castor, 84 
cod, 19 
croton, 84 
fatty, see Fat 
mackerel, 18 
seeds, 22 
volatile, 2, 16 
Okra, 287, 398, 771 
compositioa, 400 
fatty oil, 400 
composition, 401 
values, 400 

mineral constituents, 402 
structure, 898 
chief characters, 400 
Olive, 534 
Chinese, 534 

Ombretta commestible, 398 
Onion, 176, 186, 194 
carbohydrates, 197 
composition, 196 
Egyptian, 194 
mineral constituents, 198 
multiplier, 194 

phosphorus-organic compounds, 
phytin, 198 
sets, 194 
Spring, 194 
structure, 195 
chief characters, 196 
top, 194 
volatile oil, 197 
Welch, 194 
Onobrychis, 293 
Opium, lettuce, 266 
O'puntia, 791, 792 
engelinaTiii cydoidcs, 795 
cuija, 795 

ficus-indica, 792, 795 
fulgida, 797 
Isevis, 795 
larreyij 795 
leucotricka, 795 
iindheimeri, 795 
macro centra; 795 
phm (leant ha, 795, 797 
rohmta, 795 
R'pm onior, 797 
slropiacantha, 795 
Tuna, 792 

Orange, 4, 16, 20, 682, 683, 684 
acids, 695 


Orange, albedo, 696 
bitter, see Bitter orange 
blood, 682, 690 
carbohydrates, 696 
colors, 697 
composition, 689 
ends, 691 

freezing changes, 694 
powth changes, 692 
inheritance, 692 
middle, 691 
parts, 691 

ripening changes, 693 
storage changes, 693 
douce, 684 
fatty oil of seed, 695 
values, 695 
glucosides, 697 
inosite, 697 

king, see Xing orange 
mandarin, see Mandarin 
melon, 451 

mineral constituents, 698 
navel, 685, 690 
nitrogenous constituents, 694 
odorous constituents, 698 
pectins, 696 
proteins, 694 
respiration, 694 
Seville, 700 
sour, 700 
structure, 685 
chief characters, 689 
volatile oil, 695 
Oreodoxa oleracea, 184 
Omiiho'pus, 293 
Orthospermae, 88 
Oseille, 208 
Osmorrhiza, 250 
Ostion vegetal, 112 
Otaheite apple, 733, 807 
gooseberry, 727 
Oxalic acid, -2 
rhubarb, 207 
Oxalidaceae, 678 
Oxalis family, fruits, 678 
composition, 678 
structure, 678 
Oxylupanine, 307 
Oyster plant, 112 
Spanish, 115 


Packira aquatica, 773 
Pachyrrhizics, 82, 293 
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Pachyrrhum angulatm, 78, 79 
erosm, 78, 79 
tuberosus, 78, 79, 80 
Pai-tsai, 243 
Pali ke, 420 
Pak-choi, 244 
Palm, 176 
cabbage, 184 
family, fruits, 481 
leaves, 184 
hearts, 184 
Xohl, 184 
nut, 481 
sago, 481 
shoots, 184 
structure, 184 
chief characters, 185 
Palmaceae, 184, 481 
Palmetto cabbage, 184 
Palmitone, 236 
Panais, 89 
Pamx, 248 
Panes, 797 
Papaia, 787 
Papain, 787 
Papaja, 624 
Papaw, 523, 524, 787 
composition, 525 
family, fruits, 787 
structure, 524 
chief characters, 525 
Papaya, 787 
composition, 789 
ripening changes, 789 
enzymes, 790 
phosphorus-organic compouiuls, 790 
phytin, 790 
structure, 787 
chief characters, 789 
Papaya vulgaris, 787 
Papaye, 787 
Papayotin, 787, 790 
PapilioTMcem, 293, 294 
Pappaw, 524 
Paprika, 12, 20, 403, 404 
Paragalactoarabun, 308 
Paraphyses, 31, 40 
Parsley, 249, 257 
(ioraposition, 259 
curled, 257 

family, classification, 88 
leaves, 249 
composition, 250 
structure, 249 
roots, 88 
composition, 89 


Parsley family, roots, structure, 88 
stems, 249 
composition, 250 
structure, 249 
Hamburg, 100 
mineral constituents, 259 
structure, 257 
chief characters, 258 
turnip-rooted, see Turnip-rooted 
parsley 
volatile oil, 259 
Parsnip, 45, 46, 88, 89 
carbohydrates, 92 
composition, 92 
mineral constituents, 93 
structure, 90 
chief characters, 92 
turnip-rooted, 88 
Pasdfiora, 784 
edulis, 785 
quadrangularis, 784 
Pasdjloraceae, 784, 787 
Passion-flower family, fruits, 784 
structure, 784 
Pastinaca, 89 
Paslinaca, 88 
saliva,, 89 
Pastinake, 89 
Patata, 102, 148 
Patatc douce, 102 
Patience, herb, 208 
Patisson, 439 
Pe tsai, 242, 243 
Pea, 287, 293, 294 
Canada, 325 
chick, see Chick pea 
cow, see China boaii 
edible-podded, see hdiljlmpoddtMl 
pea 

family, fruits, 293, f)66 
alkaloids, 298 
ctarbohyd ratf 300 
classification, 293 
composition, 298 
fat, 298, 299 

mineral const iiiieiifs, 300 
proteins, 298 
structure, 293 

chief characters, 298 
root-tubers, 76 
composition, 76 
stnictiire, 76 
scf'ds, 288, 293 
aleiirono grains, 297 
alkaloids, 298 
carbohydrates, 300 
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Pea family, seeds, classification, 293 
composition, 298 
fat, 298, 299 

mineral constituents, 300 
proteins, 298 
starch, 297 
structure, 293 
chief characters, 298, 299 
field, 324 
flat, 345 

Indian fodder, 345 
marrowfat, 325 
smooth, see Smooth pea 
sugar, 339 
sweet, 345 
wild, 323 

wrinkled, see Wrinkled pea 
Peach, 2, 16, 535, 636, 649 
acids, 655 
carbohydrates, 655 
composition, 651 
growth changes, 652 
influence of fertilizers, 653 
of irrigation, 653 
of leaf area, 652 
juice, 655 
relation of pectin to ripeness, 654 
of structure, 651 
to canning cLualities, 654 
ripening changes, 652 
storage changes, 552 
flat, 549 
honey, 649 

mineral constituents, 655 
odorous constituents, 655 
respiration, 653 
structure, 649 

chief characters, 650 
Peanut, 293, 295, 297, 29S, 299 
Pear, 2, 4, 557, 558, 585 
acetaldehyde, 593 
acids, 592 
alligator, 534 
balsam, see Balsam pear 
carbohydrates, 593 
Chinese sand, 585 
cider, 585 
composition, 589 
dried, 590 

growth changes, 590 
influence of size, 591 
juice, 590 

ripening changes, 590 
seeds, 590 

storage changes, 590 
enzymes, 593 


I Pear, European snow, 585 
fatty oil of seed, 592 
Japanese sand, 585 
mineral constituents, 594 
prickly, see Prickly pear 
quince, 594 
respiration, 591 
sand, 585 
snow, 585 
structure, 586 

chief characters, 588 
wax coating, 592 
Peche, 649 
lisse, 656 
Pectase, 4 
Pectic acid, 3 
enzymes, 4 
Pectin, 3 , 27 
apple, 575, 580 
beet, 27 
carrot, 99 
citron, 712 
grape, 755 
histology, 4, 562 
Japanese potato, 165 
lemon, 709 
orange, 696 
potato, 165 
tomato, 415 
Pectinase, 4 
l*ectinogen, 3 
Pelargonidin chloride, 15 
Penang taro, 131 
Penidllmm glaucum, 4, 755 
Pepino, 446 
Pepon, 432 
Pepper, 287 
cayenne, 403 
red, 20 

Peppers, garden, Garden peppers 
Peppergrass, 227, 228 
composition, 229 
structure, 228 

chief characters, 229 
Pera, 585 
Indiana, 803 
Perejil, 257 
Perennial lupine, 304 
vetch, 324 
Perifollo, 259 
Perisporieicede., 4 
Perry, 585 

Persca americana, 534, 541 
Lyon, 541 
dryntijolia, 534 
gratissiTna, 534 
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Per sea pittieri, 534 
Schiedeana, 534 
oJ-Perseite, 540 
c2-Perseitol, 540 
Perseulose, 540 
Persian melon, 451 
Persica nucipersica, 656 
plat'yoarpa, 649 
vulgaris, 649 

Persikaner melon, 454, 455 
Persil, 257 

Persimmon, American, see American 
persimmon 

Japanese, s£e Japanese persimmon 
wild, 839 
Persimmone, 847 
Persimon, 847 
Pesca, 649, 656 
Petersilie, 257 

Petioles of arum family, 130 
of polypody family, 178 
Petits pois, 325, 336 
PetroselinuTTi, 88 
hortense, lOO 
sativum, 257 
crispum, 257 
Petrosilane, 215 
Peucedanem, 88 
Peuraria, 293 
Peurro, 201 
Pfeilkraut, 120 
Pferdeboline, 314 
Pfirsich, 649 
glatte, 656 
Pfiaume, 637 
Phaselin, 353 

Phaseolese, 76, 293, 297, 298 
Phaseolin, 298 
adziiki, 376 
, China bean, 380 
common bean, 353 
Phaseolunatin, 366 
Phaseolus, 76, 314 
acoTiitiJolius, 367 
acutifolius, latijolim, 358 
angularis, 374 
aureus, 369, 370, 371, 373 
calcar a tus, 368 
carinntm, 347 
cornpressvs, 347 
cllvpticm, 347 
(lanospermvs, 347 
hmatus, 361, 363, 365, 366 
maerocarpus, 361 
viullijlcmxs, 359, 361 
Mungo, 366, 369, 370, 373, 374 


Phaseolus Mungo ^ glcber, 374 
siihtilibata, 374 
Tiauw, 347 
oblmgus, 347 
spksericus, 347 
vulgaris, 347 
Phlobatannin, lime, 713 
Phoauw dactylifera, 481 
Phosphorus-organic compounds, 4 
Phosphatides, broad bean, 318 
Photinic japonica, 604 
Phyllanthm acidus, 727 
Emhlica, 726 
Phyllins, 6 

Phyllostachys mitis, 180, 182 
quilioi, 180, 182, 183 
Phylloxera, 745 
Physalide, 422 
Physaliene, 13, 424 
Physalis, 403 
alkehengi, 13, 424 
jranchetti, 13 
peruviana, 422, 423 
pubescens, 422 

Phytin, see indiv^idual vegetables and 
fruits 

Phytochlorin, 6 
Phytol, 6 

Phytolacca americana, 187 
Phytophthora injestans, 168 
Phytorhodin, 6 
Pica-uncucha, 135 
Pigweed, 221 
composition, 222 
nitrogenous bases, 222 
betaine, 222 
structure, 221 
chief characters, 221 
Pileus, 36, 39 
Pimenta, 803 
Pimpinella, 88 
Pineapple, 2, 487 
acids, 493 
colors, 493 
composition, 491 
influence of fertili^icrs, 492 
juice, 492 

relation of size, 492 
family, fruits, 487 
rue Ion, 451 

ruineral consi i( utMils, 493 
resspiriition, 492 
squjish, 439 
structure, 487 
chief charaetors, 491 
Pinha, 532 
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Firus, see Pyrm 
Pisello, 324 
Pistachio, 728 
Pisiim, 293 
arveiuej 324, 325 
sativum, 325, 333 
arvense, 324 
saccharatuMj 339 
sub-sp. gullosum, 339 
macrocarpum, 339 
saccharaticm, 339 
Pitanga, 807, 809, 810 
Pitaya, 791, 798 
structure, 798 
PithecolohiuM, 293 
dulce, 676 
flexiccule, 676 
Saman, 676 
Unguis caii, 676 
Plantain, 494 
banana, 494 
Plaquemine, 839 
Platano, 494 
dnlce, 494 
macho, 494 
Platterbse, 345 
PUurotiis cretaceus, 41 
ostreatus, 41 

Plum, 2, 15, 635, 636, 637 
acids, 642 
American, 643 
batoho, 782 
Biillace, 637 
cherry, 637 
cocoa, 663 
color, 15 
composition, 638 
canned, 642 
dried, 641 
juice, 641 

ripening changes, 642 
Damson, 637 
Governor’s, 782 
green gage, 637 
hog, 734 
Japanese, 644 
structure, 644 
kafir, 782 
Madagascar, 782 
mineral constituents, 642 
Mirabelle, 637 
Natal, 849 
reine-claude, 637 
respiration, 642 
Spanish, 734 
St. Julien, 637 


Plum, structure, 637 
chief characters, 638 
warty, 782 
P’o-ch’i, 123 
Poha, 423 
Poi, 131 
Poire, 585 
Poireau, 201 
Pois, 324 
chiche, 340 
de vache, 378 
goulus, 339 
Poke weed, 187 
Polygonacem, 203 
Polypcdiacede, 178 
Polypody family, petioles, 178 
Polyporese, 30, 36 
Polyporus, 37 
sulphnreusj, 37 
Poma-rosa, ^7 
Pomem, 557 

Pomegranate, 2, 479, 799 
acids, 802 
colors, 802 
composition, 801 
family, fruits, 799 
mineral constituents, 802 
structure, 799 
chief characters, 801 
Pomelo, 715 
Pomeranze, 700 
Pomes, 479, 657 
composition, 559 
structure, 557 
Pomidoro, 404 
Pomme, 559 
canelle, 532 
cythere, 733 
de merveille, 465 
de terre, 148 
rose, 807 
sauvage, 585 
Pommello, 715 
Porno, 559 
di paradise, 714 
salvatico, 585 
Pompelmous, 714 
Pompelmouse, 714 
Porcellana, 225 
Porphyrins, 6, 56, 164 
Porro, 201 

Portuguese quince, 594 
Porttilcca oleracea, 225 
Portnlacacem, 225 
Portulak, 225 
Potato, 27, 118, 148 , 403 
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Potato, acids, 164 
alkaloids, see glucosides 
amino acids, 164 
carbohydrates, 164 
chips, 148 
composition, 153 
early and late dug, 157 
iniuence of boiling, 162 
of color, 159 
of culture, 157 
of fertilizers, 159 
of form, 159 
of locality, 155 
of season, 156 
of storage, 160 
of surface, 159 
of variety, 155 
parts of tuber, 154 
seed and crop, 157 
dried, 148 
enzymes, 168 
flour, 148 
glassy end, 160 
glucosides, 165 
solanein, 165 
solanidin, 165 
solanin, 165, 166, 167 
Japanese, see Japanese potai.o 
mineral constituents, 169 
pectins, 165 

phosphorus-organic corapoimcls, 168 
phytin, 168 
porphyrin, 164 
proteins, 163 
amino acids, 163 
tiiberin, 163 

ultimate composition, 1G3 
robition of composition to rniality, 
162 

of development to composition, 
156 

of solids to starch, 155 
of specific gravity to starch, 155 
I'ospiraiion, 160 
Roliinein, 165 
solanidin, 165 
snlunin, 165, 166, 167 
iufluenc'X' of forf-ilizons, 106 
toxic effects, 1G7 
starch, 148 

relation to density, 155 
to solids, 155 
structure, 149 
chief characters, 152 
sweet, see Sw^et jiotiito 
Polentilleixi, 608 


Pot-herb mustard, 241 
composition, 242 
structure, 241 
Potiron, 441 
a verrues, 439 
Pourpier, 225 
Preisselbeere, 828 
Preserving melon, Chinese, 471 
Prezzemolo, 257 
Prickly pear, 791 

carbohydrates, 797 
colors, 797 
composition, 795 
ripening changes, 796 
fatty oil of stones, 797 
mineral constituents, 798 
structure, 792 
chief characters, 794 
Proboscidea fussieni, 426 
Proboscis flower, 426 
Protein, 1, 27, 479 ; see also individual 
vegetables and fruits 
Proteins, 298, 432; see also Albumin, 
Globulin, and Gliitelin 
Proteose, broad bean, 317 
potato, 163 
Spring vetch, 321 
Protoproteose, 329 
Prune, 637, 641 
canned, 642 
de chine, 644 
dried, 641 
icaque, 663 
Pmnesn, 557, 635, 637 
Prunicyanin, 15 
Primus, 635, 636, 637, 643, 664 
Armcniac.n, 644 
Ansu, 644 
Ttuindskurira, 644 
vuhjaris, 644 
aviuvi, 657 
(luracina, 657 
Juliana, 657 
re {/alts, 657 
cerasijem, 637 
Cerasm, 662 
avium, 657 
communis, 037 
(Uisyear'jKi, 044 
(U)uivsli('a, 637 
dcrr.ola, 637 
fialatemis, 637 
inlstitin, 037 
malifonuis, 637 
{/r(fhalmi, 637 
niicipcrsiccL , 656 
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Prunus persica, 649 
nucipersica, 656 
platycarpa, 649 
salicinia, 644 
serotina, 579 
triflora, 644 
vulgaris, 644 
Pmlliota campestris, 39 
Pseudo-asparagose, 190 
Psidium, 803 
Araca, 804 
Cattleianum, 803 
Friedrkhsthalianum, 804 
Gicajava, 803 
guineense, 804 
molle, 804 

Psophocarpm tetragonolobus, 366 
Pteridium aquilinum, 178 
esculentum, 178 
Pieris aquilina, 187 
Pueraria hinuta, 82 
Thunbergiana, 82 
Puffballs, 30, 43 
composition, 44 
structure, 43 
Pu-kung-ying, 275 
Pulasau, 737 
Punimelo, 714 

Pumpkiu, 278, 429, 431, 432^ 445 
acids, 438 
carbohydrates, 438 
composition, 436 
relation to ripeness, 436 
enzymes, 438 
fatty oil of seed, 437 

composition, 437 
pkytosterol, 438 
values, 437 

mineral constituents, 438 
nitrogenous bases, 437 
Ijroteins, 437 
seed cake, 436 
structure, 432 
chief characters, 435 
Punica, 799 
Granai'um, 799 
Puuicacese, 799 
Piinicin, 802 

Purine bases, bamboo, 182 
chayote, 475 
cucumber, 450 
pumpkin, 736 
tawny lily, 279 
Purple cairn ito, 835 
granadilla, 784, 785 
composition, 786 


Purple granadilla, structure, 786 
chief characters, 786 
Purslane, 225 
composition, 225 
family, leaves, 225 
stems, 225 
structure, 225 
chief characters, 225 
Pusley, 225 
Putiet, 657 
Putrescine, 717 
Pyrus baccata, 585 
communis, 592 
coronaria, 585 
Cydonia, 594 
germanica, 599 
ioensis, 585 
Malm, 559, 585 
austere, 560 
mitis, 559 
pmnila, 559 
sylvesiiis, 560 
nivalis, 585 
serotina, cidta, 585 
Sovlardn, 585 


Quadrello, 120 
Quercetin, 14 , 581 
Quesos, 797 

Quince, 2, 4, 557, 558, 559, 694 
acids, 598 
apple, 594 
composition, 597 
juice, 598 

fatty oil of seed, 598 
mineral constituents, 599 
mucilage of seed, 598 
pear, 594 
Portuguese, 594 
structure, 595 
chief characters, 597 
Quitte, 594 

R 

Babano, 61 
Babarbaro, 203 
Radicula Armoracia, 72 
Badieschen, 61 
Badis, 61 

Badish, 45, 46, 60, 61 
carbohydrates, 63 
colors, 64 
composition, 63 
mineral constituents, 64 
])hosphoriis-organic eompouiiJs, 64 
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Radish, phosphoric-organic compounds, Eed raspberry, American, 618 


phytin, 64 
structure, 61 

chief characters, 63 
Rafano, 72 
Baifort, 72 
Raiponce, 111 
Raisin, 757, 758 
composition, 761 
Muscatel, 758 
Sultana, 758 
Rambutan, 737 
Eampion, 111 
structure. 111 
chief characters. 111 
Rangoon bean, 363, 365 
blanca, 366 
Rapa, 71 
svedese, 65 
Raperomolo, 111 
Raphanin, 64 

Raphantcs Maphanistmm, 61 
sativws, 61 

loTigi'pmnatus, 63 
macTopodus, 64 
radicvlCf 63 
Jtapunoulus verusj 111 
Rapunzelrlibe, 111 
Raspberry, 2, 15, 617, 618 
black, see Black raspberry 
color, 15 

red, see Red raspberry 
yellow, 618 
Ratiles, 769 

Rauhhaarige Wicke, 324 
Ravanello, 61 
Red cabbage, 177, 234 
color, 237 
clover, 299 
currant, 2, 543 
acids, 549 
composition, 546 
juice, 546 
seed, 548 

fatty oil of seed, 548 
mineral constituents, 549 
respiration, 548 
siructiirc, 543 

chief characters, 546 
geranium, 15 
iMOinhin, 728, 734 
composition, 735 
structure, 734 
p)oi)i)ers, 20 
ruspborry, 618 
acids, 625 


composition, 622 
juice, 623 
seeds, 624 
European, 618, 630 
fatty oil of seed, 624 
conii:>osition, 625 
values, 624 
German, 623 
Hungarian, 623 
mineral constituents, 625 
respiration, 625 
structure, 610 

chief characters, 622 
taro, 131 
Red-root, 221 
Reine-claude plum, 637 
Resin, watermelon, 463 
Rha barber, 203 
Jthamncicese, 741 
Rhamnose, 14 
Hheum Wiaponiicum, 203 
Rhizome vegetables, 118 
structure, 118 
Rhizomes, 118 

of water-lily family, 142 
Ilhodoxarithin, 13 
Rhubarb, 2, 3, 27, 176, 203 , 479 
acids, 206 
composition , 206 
mineral constituents, 208 
structure, 204 
chief cliaract(!rs, 205 
Rliubarbe, 203 
liibes iiero, 549 
rosso, 543 
liibes, 542 
Grossularia, 552, 553 
hirlalhim, 552 
nigrum, 549 
uxyaanlh oidr.s, 552 
rnbrnrn, 543 
suhglandnlos irni, 543 
vuhjare, 543 
Rice Ijrtan, 299, 368 
composition, 369 
siruct.ur’e, 368 

diiof rharactfU’s, 3G9 
polishings, 19 
liuiniis rnmrnunis , 725 
Roan, 602 
Rocninl )() !(', 199 
Rf:)liiza, 135 
Kuiriaino Ictturr*, 266 
Roinancfj iiifailar, 599 
Rcimischer Feiichel, 251 
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Root, beet, il 
chicory, see Chicory root 
da^ndelion, see Dandelioa root 
stock, 118 
vegetables, 45 
structure, 45 
Boots, 3 

of bellflower family, 111 
of composite family 3, 112 
of goosefoot family, 47 
of mustard family, 60 
of parsley family, 88 
of spurge family, 84 
Boot-tubers of morning-glory famuy, 
162 

of pea family, 76 
composition, 76 
structure, 76^ 

Roripa Armoracia, 72 
Nasturtium^ 245 


Rosacess, 557 
Bose, 657 
apple, 803, 807 
composition, 809 
structure, 807 

chief characters, 800 


faroOy, fruits, 557 

bramble berries, 557, 617 


drupes, 557, 635 


pomes, 557 
strawberries, 557, 608 


Eoseae, 557 
Roselle, 398, 771 
acids, 772 
composition, 771 
structure, 771 
Bosenapfel, 807 
Bosenkohl, 240 


Bothe R-iibe, 217 
Bough hairy Yetch, 299, *24 
structure, 324 

chief characters, 324 


Rowan tree, 602 
Riibe, weisse, 71 
Ruheae, 557, 617 
RubiacBcB, 852 


Rubiu, 64 
Rub us, 617, 626 
alleghmiertsis, 626 
canadensis, 626 

C JicirHciruno ms, 633 
jruticosus, 626, 627 
kLvns, 618, 630 

strigosus, 618 
Millspaughii, 626 
nigrobaccus, 626 


Hubus uigrohaccus, sativus, 626 
ocddentalis, 625 
cdoratics, 619 
gphcenicolasms, 632 
gprocumhens, 630 
strigosus, 618 
villosus, 626, 630 
vUijoliuSf 630 
Bue family, fruits, 682 
Buibarbo, 203 
Rumex Acetosa, 208 

msipuSy 208 

Patientia, 208 
scutotiLS, 208 
Bunkelidbe, 47 

Running blackberries, 626, 630 
Rutabaga, 60, 65 , 241 
carbohydrates, 70 
pentosans, 70 
composition, 67 
influence of fertilizers, 69 
of locality, 69 
of season, 68 
of variety, 68 
mineral constituents, 70 
nitrates, 69 
proteins, 69 
structure, 65 

chief dharacters, 67 
Rutaceae, 682 

S 

Sabal palmetto, 184 
Sacred lotus, 142 
Saffron, 277 
Sagittaire, 120 
Sagittaria, 120 
chineTisis, 120 

latijolia, 120, 121 

sagittifolia, 120, 121 
jorTTia sinensis, 122 
sinensis, 121 
vaiiabilis, 120 

Sago, 184 
palm, 481 
Sainfoin, 293, 297 
Salicylic acid, 2 
Salmon berry, 633 
Salsiiis, 112 

Salsify, 27, 46, 112, 174 
black, 112, 115 
carbohydrates, 114 
inulin, 114 

common, 112 
composition, 114 
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Salsify, Spanisli, see Spanish salsify 
structure, 113 
chief characters, 114 
Sambucicyanin., 855 
Sambuoin, 855 
Sambuco, 854 
Samhuc'uSj 854 
canadensis, 854 
nigra, 854 
puhem, 854 
pubescens, 854 
racemosa, 854, 855 
arhorescem, 855 
Sand pear, Chinese, 585 
Japanese, 585 
Sandoricum indicum, 728 
Kcetjape, 723 
Santol, 721, 723 
composition, 724 
paste, 723 

phosphorus-organic compounds, 724 
phytin, 724 
structure, 723 
chief characters, 724 
Sapindaceae, 737 
SapodlUa, 479, 831 
composition, 833 
family, fruits, 831 
composition, 831 
structure, 831 
mineral constituents, 834 
phosphorus-organic compounds, 833 
phytin, 833 
structure, 831 
chief characters, 832 
&apota Achras, 831 
zapotilla, 831 
Sapotaceae, 831, 839 
Sapote, 831, 836 
black, 839 
composition, 837 
fatty oil of seed, 837 

composition, 838 
values, 838 

mineral constituents, 838 
structure, 836 
chief characters, 837 
white, see White sapote 
Sapotille, 831 
Saratoga chips, 148 
Sar-gott, 78 

Sasa 'panioulata, 180, 181, 183 
Sassafras, 534 
Sassefrica, 112 
Satsuma orange, 701, 702 
Sauerampfer, 208 


Sauerkirsche, 662 
Sauerkraut, 233 
composition, 239 
Saure Sobbe, 526 
Savoy cabbage, 234 
SaxijragacesB; 542 
Saxifrage family, fruits, 542 
composition, 543 
structure, 542 

Scallop squash, 431, 439;, 440 
structure, 439 
chief characters, 439 
Scandicess, 88, 250 
JScandix Cerefolium, 259 
Scarlet runner, 293, 298, 299, 369, 361 
structure, 359 
chief characters, 360 
Schmalwicke, 323 
Schnittlauch, 192 
Schwarzaugige Langbohne, 381 
Schwarze Eimbeere, 626 
Johannisbeere, 549 
Schwarzwurzel, 115 
Scirpm tuberosm, 124, 125 
Scleroderma, 33 
Scolymus, 112, 115 
carbohydrates, 115 
composition, 115 
structure, 1 15 
chief characters, 115 
Scolymm grandiflorus, 1 15 
hispanicm, 112, 115 
Scorson^re, 115 
Scorzonera, 112, 115 
carbohydrates, 116 
composition, 116 
creole, 426 
structure, 115 

Scorzonera hispanica, 112, 115 
Scotch curled kale, 231 
Sechium, 429 
edule, 473 
Sedano, 252 
rapa, 101 

Sedge family, corms, 123 
composition, 123 
structure, 123 
tubers, 123 
composition, 123 
structure, 123 
Seed vegetables, 287 
elaasifi cation, 287 
Seeds, leguminous, 22 
of pea family, 293 
oil, 22 

See-gua, 469 
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Sellerie, 252 
Sensuzi-kio-na,, 241 
&eptona, 254 
Serpent melon, 451 
Serradella, 293, 296, 297 
Service tree, 602 

Seville orange, 700 
Shaddock, 714, 715 
Shaknshina, 244 
Shallot, 186, 195 
Shanto-na, 242 
Sheep sorrel, 208 
Shell bean, 347 
&ih, 21 
Shiiona, 244 

Shoots of arum family, 130 
of ginseng family, 248 
of lily family, 186 
Siberian crab apple, 585 
curled kale, 231 
Sicana, 429 
odorifera, 431, 464 
Sicyoidse, 429 
Sieva bean, 361, 366 
composition, 365 
cyanogenetic glncosides, 366 
enzymes, 367 
mineral constituents, 367 
nitrogenous bases, 365 
phosphorus-organic compounds, 367 
phytin, 367 
structure, 365 
SievahoKne, 365 
JSinapis chmemis, 241, 245 
Sing-kwa, 467 
Sinigrin, 28 

Sisymhrmm Nastv,rti%m, 245 
Slanutosterol, 344 
Sloe, 15 

Smooth pea, 297, 298, 299, 324 
acids, 331 
canned, 328 
carbohydrates, 331 
composition, 327 
large and small, S28 
fat, 331 
green, 328 
hulls, 328 
meal, 328 

mineral constituents, 331 
phosphorus-organic compounds, 331 
proteins, 328 
amino acids, 329 
legumelin, 329 
legumin, 329 


Smooth pea, proteins, ultimate com- 
position, 329 
vicilin, 329 
structure, 325 
chief characters, 327 
Snap bean, 347 
Snow pear, 585 
Soapberry family, fruits, 737 
composition, 737 
structure, 737 
Sobbe, same, 526 
Solamcess, 148, 403 
Solanein, 165 
Solanidin, 165 

Solanin, 165; see also Potato 
Solano, 424 
Solanum, 417 
escvXent'um^ 417 
LycopersuMM, 404 
Mekmgem, 417 
depresmm, 417 
escidentun, 417 
serpentium^ 417 
nigrum, 403, 424 
guimeme, 424 
sodommm, 165 
tuberomm, 148 
Soncoya, 539 
structure, 530 
chief characters, 530 
Sophoress, 293, 297 
Sorb, 602 
acids, 663 
composition, 602 
structure, 602 
Sorbier des oiseaus, 602 
Sorbitol, 486, €36, 766 
Sorbo de’cacciatori, 602 
Sorhits, 602 
A'ucupana, 602 
dulcis, 602, 603 
moravica, 602 
rossica, 692 
domestica, 602 
moravica, 602 
rossica, 602 
Sorrel dock, 208 
French, 208 

garden, see Garden sorrel 
sheep, 208 

Souchet comestible, 126 
Sour cherry, 662 
orange, 700 
Soursop, 526 
composition, 529 
mineraf constituents, 529 
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Soursopj phLOsphorus-orgaiiic com- 
pounds, 529 
phytiu, 529 
structure, 526 
cliief characters, 528 
Soy bean, 287, 293, 297, 298, 299, 369 
Spanische Goiddistel, 115 
Spanish lentil, 293 
oyster plant, 115 
plum, 734 
salsify, 112, 115 
Sparagio, 187 
Spargel, 187 
Sparteine, 307 
Spathulatine, 307 
Speierling, 602, 603 
Speisekiirbis, 441 
Spermoderm of pea family, 295 
Spinace, 210 
Spinach, 10, 210 
acids, 215 
Chinese, 221 
colors, 215 
composition, 212 
influence of storage, 212 
dock, 208 
fat, 214 

mineral constituents, 215 
New Zealand, see New Zealand 
spinach 
proteins, 212 
saponins, 215 
structure, 211 
chief characters, 212 
Sjoinecia oleracea, 210 
tetrandra, 210 
Spinacin, 214 
Spinasterol, 215 
y-Spinasterol, 215 
Spinat, 210 
Neuseelanlischer, 223 
Spiny mushrooms, 30, 36 
composition, 36 
structure, 36 
Spondias, 728 
cytherea, 733, 734 
dulcis, 733 
lutea, 734 
Mombin, 734 
purpurea, 734 
Sponge, vegetable, 467 
Spring onion, 194 
vetch, 299, 319 
composition, 320 
fat, 321 

mineral constituents, 322 


Spring vetch, phosphorus-organic com- 
pounds, 322 
lecithin, 322 
proteins, 321 
structure, 319 
chief characters, 320 
Sprouts, Brussels, see Brussels sprouts 
Spugnolo, 31 

Spurge family, fruits, 725 
composition, 725 
structure, 725 
roots, 84 

Squash, 287, 429, 431, 432 
Canada crookneck, 445 
crookneck, see Crookneck squash 
flowers, 277 

Hubbard, see Hubbard squash 
musk, see Muskmelon 
pineapple, 439 
scallop, see Scallop squash 
turban, 441 

Winter, see Winter squash 
crookneck, 441, 445 
St. John's bread, 671 
Jiilien plum, 637 
Stachelbeere, 553 
capische, 422 

Stachydrine, 145, 146, 717 
Stachyose, 145, 146, 308, 314, 331 
Stachys sieholdii, 145 
tuherijera, 145, 308 
Star apple, 831, 834 
composition, 835 
mineral constituents, 836 
structure, 834 
chief characters, 735 
Starch, 3; see also individual vegetables 
and fruits 
in fruits, 479 
in vegetables, 27 
leguminous, 297 
potato, 148 
tapioca, 84 
warabi, 178 
Stcchsalat, 263 
Stem vegctablcH, 176 
composition, 177 
structure, 176 

Stems of aniariinih family, 221 
of borage family, 262 
of grass family, 180 
of ice plant family, 223 
of morning-glory family, 260 
of mustard family, 227 
of parsley family, 249 
of purslane family, 225 
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Stems, subterranean, 118 
Sterigmata, 40 
Stizolobin, 394, 395, 396 
Stizolohiujn, 293, 392 
Deeringianum, 392, 394 
hassjoo, 397 
niveum, 394, 397 
Stoppelschwamm, 36 
Strawberries, 557, 608 
color, 15 
compositiott, 608 
structure, 608 
Strawberry, 2, 3, 479 
Alpine, 608, 616 

Araerican, see American straw- 
berry 

Chilean, 608, 609, 616 
European, see European strawberry 
field, 608 
guawa, 803 
meadow, 608 
tomato, 403, 404, 422 
acids, 423 
colors, 424 
composition, 423 
structure, 422 
chief characters, 423 
Virginian, 609 
wild, 608, 614, 616 
wood, 608 

String bean., see Common, bean 
Stubble berry, 424 
Sua-kwa, 467 
Suangui, 719 
Subterranean, stems, 118 
Succinic acid, 2 
Succus Caricse Papayse, 787 
Sucrose, see individual vegetables and 
fruits 

Sugar, 27 
apple, 532 
beet, 3, 27, 47, 219 
melon, 451 
mushroom, SO 
pea, 339 
sword, 339 

Sugars, see individual vegetables and 
fruits 

Sui-choi, 241 
Sulphide, allyl, 16 
Sultana raisin, 758 
Summer turnip, 65 
Surinam cherry, 803, 807, 809 
Susina, 637 
Siisse Kartoffel, 102 
Slisskirsche, 657 


Swamp cabbage, 260 
composition, 260 
mineral constituents, 261 
structure, 260 
Swedes, 65 
Swedish turnips, 65 
Sweet cherry, 667 
acids, 661 
Bigarreaus, 657 
composition, 658 
Juice, 660 

ripening changes, 660 
Dukes, 657 
enzymes, 662 
hearts, 657 

mineral constituents, 662 
structure, 65S 
chief characters, 658 
cicely, 250 
com, 287, 288 
composition, 289 
influence of environment, 289 
of maturity, 291 
of respiration, 291 
of season, 291 
of storage, 291 
enzymes, 292 
mineral constituents, 292 
structure, 288 
chief characters, 289 
pea, 345 

potato, 27, 45, 46, 102 
acids, 108 
carbohydrates, 108 
composition, 105 
influence of fertilizers, 107 
of storage, 107 
enzymes, 109 
mineral constituents, 109 
phosphorus-organic compounds, 
108 

phytin, 109 
structure, 102 
chief characters, 105 
Sweetsop, 529, 532 
composition, 533 
oil of seed, 533 

phosphorus-organic compounds, 533 
phytin, 533 
stnicture, 532 
chief characters, 533 
Swiss chard, 220 
Sword sugar pea, 339 
Syzygium, 807 
Cumini, 810 
jambolana, 810 
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Tai-sue, 137 
Taka-na, 245 
Take-noko, 180 
Talong, 420 
Tamarin, 666 
de I’lnde, 676 

Tamarind, 2, 287, 293, 294, 295, 296, 299, 

666 

acids, 670 
composition, 669 
Manila, 676 

mineral constituents, 670 
oil of seed, 669 
values, 669 

phosphorus-organic compounds, 670 
phytin, 670 
structure, 666 
chief characters, 669 
Tamarinde, 666 
Tamarindo, 666 
Tamarindus, 293 
indica, 666 
Tampopo, 275 
Tangeretin, 702 

Tangerine, 682, 683, 699, 701, 702 
colors, 702 
composition, 702 
mineral constituents, 703 
volatile oil, 702 
Tangleberry, blue, 814 
Tanier, 130, 131 
blue, 131 

Tannin bodies, allspice, 673 
Annona, 673 
carob, 673 
date, 482, 673 
kaki, 840, 846 
medlar, 673 
persimmon, 673 
Tannins, 4 
Tanyahs, 130 
Tapioca starch, 84 
Taproot, 45 

Tarcxicum Dens-leonis, 274 
officinahj 112, 265, 274 
Taro, 118, 130, 131 
acids, 134 
carbohydrates, 134 
composition, 133 
Egyptian, 131 
flour, 131 

mineral constituents, 134 
Penang, 131 

phosphorus-organic compounds, 134 
phytin, 134 


Taro, red, 131 
structure, 131 
chief characters, 133 
Tartaric acid, 2 
Tartufi, 33 
Tawy lily, 277, 278 
composition, 279 
mineral constituents, 279 
nitrogenous bases, 279 
structure, 278 
chief characters, 278 
Taxns baccataj 13 
Telephone pea, 336 
Telfairia v^data, 429 
Tepary, 298, 299, 358 
composition, 358 
structure, 358 
chief characters, 358 
'Terminalia ChehuXa., 726 
citrina, 727 
Testa di quaglia, 426 
Tetragonia exjoctnsa, 223 
Thimble-herry, see Black raspberry 
Thistle, golden, 115 
Ti leh, 123 
Tim-choi, 220 
Tobacco, 403 
Togwa, 470 
To-jisa, 220 
Tomate, 404 

Tomato, 10, 27, 287, 403, 404, 479 
acids, 413 
alkaloids, 412 
catsup, 410 
colors, 415 
composition, 406 
influence of development, 407 
of climate, 409 
of fertilizers, 409 
of respiration, 409 
of storage, 409 
of temperature, 409 
enzymes, 416 
fatty oil of seed, 412 

composition, 413 
values, 413 
husk, 422 

mineral constituents, 416 
pectins, 415 

phosphorus- ogranic compounds 

415 

phytin, 415 
proteins of seed, 411 
amino acids, 412 
IM-distribution, 412 
ultimate composition, 411 
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Tomato pulp, 410 
seeds, 411 
skins, 411 

strawberry, see Strawberry tomato 
structure, 404 
chief characters, 406 
Tonka bean, 293, 298, 299 
Topinambour, 171 
Tragopogon, 112 
porrifolkiSj 112 
pratensis, 112 
Traube, 757 
Trehalose, 30 , 42 
Triacontane, 578 
rt-Triacontanol, 579 
Trijolieae, 293, 297 
Trijolium, 293 
Trigonella, 293 
Trigonelline, 146, 437, 459 
Triiffeln, 33 
Truffes, 33 
TruflBes, 30, 33 
composition, 34 
mineral constituents, 34 
structure, 33 
Tsao, 741 
Tsuru-reishi, 465 
Tube-bearing mushrooms, 30, 36 
amino acids, 38 
color reactions, 38 
composition, 37 
enzymes, 39 

mineral constituents, 39 
nitrogenous bases, 38 
proteins, 38 
structure, 35 
Tuber, 33 
vegetables, 118 
structure, 118 
Tuber, 39 
album, 33 
magnetum, 33, 34 
melanospermwTfi, 33 
melanosporii'm, 34 
Tuberacese, 30, 33 
Tuberin, 163 

Tuberous vetchling, 76, 77 
carbohydrates, 77 
composition, 77 
structure, 77 
chief characters, 77 
Tubers, 118 

of composite family, 171 
of mint family, 145 
of nightshade family, 148 
of sedge family, 123 
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Tubers of water plantain family, 120 
of yam family, 137 
Tuna, 791, 792 
blanca de huerta, 797 
Turban squash, 441 

Turnip, 3, 27, 45, 46, 60, 67, 68, 71, 241 
composition, 71 
greens, 241 
composition, 241 
mineral constituents, 241 
structure, 71 
Summer, 65 
Swedish, 65 
white, ^ 
yellow, 65, 68 

Turnip-rooted celery, see Celeriac 
parsley, 100 
structure, lOO 
chief characters, 100 
parsnip, 88 
Tyrosine, 164 

U 

Udo, 248 
composition, 248 
Umbelliferse, 46, 88, 176, 249 
Umkokolo, 782 
Ung-choi, 269 
Unicom plant, 426 
composition, 428 
fatty oil, 428 
structure, 426 
chief characters, 428 
Urd, 299, 373 
composition, 373 
enzymes, 374 
mineral constituents, 374 
structure, 373 
chief characters, 373 
Urea in mushrooms, 30, 41 
Ursolic acid, 579 
Uva, 757 
espin, 533 
spina, 553 
Uvalha, 807 


Vacciniin, 827 
Vaccinium, 818 
canadense, 818 
corymhcsum, 814, 818 
maorocarpum, 822 
TTiyrtillus, 818, 820 
Oxy'coccus, 821, 822 
pennsylvanic'um, SIS 
'diginosumj 820 
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Vaccinium vacillans, 818 
Yitk-ldma, 828 
Valerkn, 263 
family, leaves, 263 
Valerianaceae, 263 
Valerianella eriocarpa, 263 
olitoria, 263 
Valerknilla, 263 
Vanillin, 55 
Veccia, 319 

Vegetable marrow, 439 
spottge, 467 
Vegetables, 27 
eorin, 118 
flower, 277 
fruit, 287 
leaf, 176 
rhizome, 118 
root, 45 
seed, 287 
stem, 176 
tuber, 118 
Velvet bean, 293, 294, 297, 298, 299, 392 
composition, 394 
dihydroxyphenylalanine, 397 
enzymes, 397 
mineral constituents, 397 
proteins, 394 
amino acids, 395 
N-distribution, 396 
ultimate composition, 394 
structure, 392 
chief characters, 393 
Verdolaga, 225 
Vernine, 55 
Yesce, 319 
Yescia, 43 
Vesse-de-loiips, 43 

Vetch, chickling, see Chickling vetch 
French, 320 

narrow-leaved, see hf arrow-leaved 
vetch 
perennial, 324 

rough hairy, see Rough hairy vetch 
Spring, see Spring vetch 
Winter, see Winter vetch 
Vetches, 293, 298 
Vetchling, 45, 293 
tuberous, see Tuberous vetchling 
Vida, 76, 293 
anffustijolia, 323, 324 
Cracca, 324 
Faba, 314, 397 
minor, 318 
hirsuta, 322, 324 
macrocarpa, 324 


Vida narbonensis, 320 
saliva, 319, 322, 324 
villosa, 322 
Vicianin, 324 
Videse, 76, 293, 297, 298 
Vicilin, 298 
broad bean, 317 
smooth pea, 328, 329 
Spring vetch, 321 
Vicine, 55 
Vigna, 293 
sinensis, 366, 378 
Vignin, 379 
Vinegar, cider, 560 
Viola tricolor, 14, 697 
Violaxanthin, 14, 697 
Viosterol, 21 

Virginische Dattelpflaume, 847 
Vitacese, 745 
Vitamins, 17 

A, 17 

color tests, 19 

B, 19 

C, 20 

D, 21 

E, 22 
G, 22 

Vitis, 745, 758 
aestivalis, 745, 757, 769, 767 
arizonica, 759 
herlandieri, 759 
howrquiniana, 757 
cinerea, 759 
coriacea, 759 

Labrusm, 745, 749, 753, 755, 757, 759, 
767 

lincecumli, 757 
monticola, 759 
riparia, 753, 755, 757, 759 
rotundijolia, 745, 749, 754 
rubra, 759 

rupestris, 757, 759, 767 
vinijera, 745, 754, 755, 757, 759, 767 
apyrena, 758 

Vitis-lfJir^a Vilk-Idma, 828 
Vogel before, 602 

Volatilci oil, 2, 16; see also individual 
vegetables iind fruits 

Volva, 39 

W 

Walderdbeere, 616 
Warabi, 178 
starch, 178 
Warty plum, 782 



INDEX 


903 


Warzeakurlis, 439 
W ashingtonia, 250 
Wasp, fig, 507 
Wassermeloae, 458 
AV'ater chestnut, 118, 123 
composition, 125 
mineral constituents, 126 
structure, 123 
chief characters, 125 
cress, 227, 245 
composition, 247 
mineral constituents, 247 
structure, 246 
chief characters, 247 
plantain family, tubers, 120 
Water-lily family, rhizomes, 142 
Watermelon, 420, 431, 432, 468 
amino acids, 461 
carbohydrates, 463 
Chinese, 470 
composition, 461 
ripening changes, 461 
storage changes, 461 
enzymes, 464 
fatty oil of seed, 461 

composition, 463 
phytosterol, 463 
mineral constituents, 464 
resin, 463 
structure, 458 

chief characters, 460 
Wax, 2 

gourd, 429, 431, 470 
composition, 472 
mineral constituents, 473 
structure, 471 
chief characters, 472 
Weisse Lupine, 300 
Uube, 71 
Welch onion, 194 
A7eng ts^ai, 261 
White caimito, 835 
currant, 543 
Guinea yam, 137 
lupine, 293, 290, 300, 364 
alkaloids, 301 
lupanine, 301 
oxylupanine, 302 
composition, 301 
fat, 302 
values, 302 

mineral constituents, 302 
phosphorus-organic compounds, 302 
structure, 300 

chief characters, 301 
mulberry, 512 


White mustard cabbage, 244 
composition, 244 
structure, 244 
sapote, 682, 719 
composition, 720 
structure, 720 
turnip, 68 

Whortleberry, 16, 818 
Alsatian, 821 
European, 818, 821 
Wi apple, 734 
Wicke, rauhhaarige, 324 
Wild pea, 323 
Windsor bean, 314 
Wineberry, 617, 618, 632 
composition, 633 
structure, 632 
chief characters, 633 
Winter cherry, 422, 424 
ascorbic acid, 424 
cTookneck squash, 441, 445 
melon, 451 

squash, 431, 432, 436, 440, 44t, 445 
colors, 445 
composition, 441 
relation to quality, 442 
to ripeness, 441 
ripening ckanges, 441 
storage changes, 441 
fatty oil of seed, 444 

composition, 444 
values, 444 

mineral constituents, 445 
phosphorus-organic compounds, 444 
phytin, 444 
proteins, 442 
amino acids, 442 
ultimate composition, 442 
structure, 441 
chief characters, 441 
vetch, 299, 322 
structure, 322 
chief characters, 323 
Winterwicke, 322 
Witloof, 265, 273 
AVong-bok, 242 
Wong-nga-bak, 242 
Wrinkled pea, 297, 299, 333 
acids, 338 
canned, 336 
carbohydrates, 338 
composition, 334 
growth changes, 335 
storage changes, 336 
fat, 338 
green, 334 
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WrmMed pea, mineral constituents, 339 
phosphorus-organic compounds, 339 
phytin, 339 
proteins, 338 
structure, 333 
chief characters, 334 
Wunderapfel, 465 

X 

Xanthophyl, 11 
banana, 503 
cabbage, 237 
mango, 732 
peppers, 422 
pineapple, 493 
Xmthosoma, 130, 135 
brcksilensej 135 
Xanti currant, 758 

Y 

Yam, 118, 137 
bean, 45, 76, 78 , 293 
composition, 79 
mineral constituents, 80 
phosphorus-organic compounds, 80 
phytin, 80 
structure, 78 
chief characters, 79 
Chinese, 137 
composition, 139 
Congo, 137 
enzymes, 141 
family, tubers, 137 
Gruinea, white, 137 
yellow, 137 
lesser, 137 

mineral constituents, 141 
mucin, 140 
negro, 137 

phosphorus-organic compounds, 141 
phytin, 141 
structure, 137 
chief characters, 139 
white Guinea, 137 
yellow Guinea, 137 
Yampi, 137 
Yamwurzel, 137 
Yautia, 130, 133, 135 
composition, 135 
flour, 135 
structure, 135 
white, 135 
yellow, 135 
Yeddos. 133 


Yellow berry, 633 
Guinea yam, 137 
lupine, 293, 299, 302 
alkaloids, 306 
lupanine, 307 
lupinidine, 307 
lupinine, 307 
oxylupanine, 307 
sparteine, 307 
spathulatine, 307 
carbohydrates, 308 
lupeose, 308 
paragalactoaraban, 308 
stachyose, 308 
composition, 303 
enzymes, 309 
fat, 308 

mineral constituents, 309 
phosphorus-organic compounds, 309 
lecithin, 309 
proteins, 304 
amino acids, 306 
ultimate composition, 305 
structure, 302 
chief characters, 303 
raspberry, 618 
turnip, 65 
Yin-choi, 221 
Yolk, egg, 12 
Yuenngan, 739 

Z 

Zanahoria, 93 
Zandia, 458 
Zapote, 836 
Zapotillo, 831 
Zarza, 626 

Zea Mays, saccharita, 288 
Zeaxanthin, 12 
Zimptapfel, 532 
Zitrone, 713 
Zizyphm, 741 
Jujvbaj 741 
Lotus, 741 
mauritiana, 741 
saliva, 741 
vulgaris, 741 
Zucca, 432, 441 
Zucker melon, 454, 455 
Zuckercrbse, 339 
Zuckerrnais, 288 
Zuckermclone, 451 
I^Wetehen, 641 
Swiehel. 194 




